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PREFACIO 
 
 
 
Es bien conocido que la ictiofauna es un muy buen bioindicador de la calidad ambiental en 
sistemas fluviales, de hecho es uno de los elementos de calidad biológica requeridos por la 
Directiva Marco del Agua (DMA) para la evaluación del estado ecológico de los ríos. En este 
sentido, el conocimiento de la composición, abundancia y estructura de la comunidad de 
peces puede proporcionar información directa o indirecta no sólo del estado de las masas  
de agua, sino también de posibles impactos que los influencian, otras características del 
hábitat, así como de la estructura de otros niveles tróficos inferiores. 
 
Por otra parte, el valor económico y recreativo de muchas especies presentes en los ríos las 
hace objeto de prácticas de gestión encaminadas a mantener o mejorar sus poblaciones. 
Estos planes de gestión requieren por lo tanto de la generación de un conocimiento 
científico en el cual apoyarse para la toma de decisiones. Dicho conocimiento debe abarcar, 
no sólo a las poblaciones piscícolas tanto cualitativa- (composición) como cuantitativamente 
(abundancias, biomasa, producción…), sino también al hábitat que ocupan y la relación 
entre ambos. De hecho, si el objetivo es mejorar una determinada población, es de vital 
importancia identificar los factores que la están regulando, antes de tomar ninguna decisión 
relativa a los planes de mejora. Así, las prácticas de monitorización e inventariación de las 
comunidades piscícolas y del hábitat, son relevantes para una adecuada gestión de las 
comunidades de peces de los ríos. 
 
Al igual que algunos ríos situados en el Norte de Portugal, los ríos salmoneros del Sur de 
Galicia representan el límite meridional europeo de distribución para el salmón atlántico, 
con lo cual la conservación y recuperación de esta especie en esta zona es de especial 
interés. Por otra parte, poco se sabe de las posibilidades reales de recuperación de la cuenca 
del Tea como río salmonero, a pesar de que en los últimos años ha sido objeto de prácticas 
de repoblación. Es por ello que en el presente trabajo doctoral se hace especial énfasis en 
esta especie, utilizándola en diversos momentos como especie modelo a través de la cual 
conducir y estructurar los contenidos del proyecto.  
 
Por todo lo expuesto anteriormente, se hace necesario profundizar en el entendimiento 
científico referente a la ecología y biología de las comunidades ictiológicas en los ríos de esta 
zona. Este trabajo se enfoca en esta línea de estudio, generando a través de diverso estudios 
descriptivos así como de estudios experimentales, un  conocimiento científico que se pueda 
aplicar a los planes de gestión ictiológica en la zona y servir como base para posteriores 
estudios a una mayor escala. 
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PREFACE 
 
 
 
It is well known that ichthyofauna represents a very good indicator of water environmental 
quality in fluvial systems. In fact, fish are one of the elements of biological quality required 
by the Water Framework Directive (WFD) for the evaluation of the ecological status of 
rivers. In this sense, knowledge of fish composition, abundance and community structure 
can directly or indirectly provide information not only on the status of a water body, but 
also of possible impacts influencing it, other habitat characteristics and the structure of 
lower trophic levels. 
  
Moreover, the economic and recreational values of many riverine fish species make them to 
be subjected to particular management practices aimed at maintaining or improving their 
populations. These management plans require the generation of scientific knowledge on 
which to rely for decision-making. This knowledge should include not only the fish 
populations, both qualitative (composition) and quantitatively (abundance, biomass, 
production...), but also understanding of the habitat they occupy and the existing inter-
relationships between them. In fact, if the objective pretends to improve a certain fish 
population, it is of vital importance to identify those factors regulating the population, 
before taking any decision concerning its management. Thus, monitoring and inventory 
practices of fish communities and habitats are of relevance for the appropriate management 
of riverine fish. 
 
Like for some rivers in Northern Portugal, salmon rivers of Southern Galicia represent the 
Southern limit of distribution for the Atlantic salmon in Europe. Thus, the conservation and 
recovery of this species in this area is of especial interest. Moreover, little is known about 
the real possibilities of the Tea basin recovery as a salmon river, although in recent years it 
has been subject to stocking practices. That’s the reason why this Thesis places special 
emphasis on this species, using it as a model species through which to drive the content and 
structure of the project. 
 
For all these reasons, it is necessary to progress in the scientific understanding concerning 
the ecology and biology of the fish communities in rivers of this area. This work focuses on 
this study line, generating through various descriptive and experimental studies, scientific 
knowledge that can be applied to fish management plans in this area and serve as a basis for 
further studies on a larger scale. 
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CHAPTER 1 
INTRODUCTION 
 
 
“In the end, we will conserve only what we love, we will love only what we 
understand and we will understand only what we are taught” 
Baba Dioum 
 
1.1. GENERAL FRAMEWORK 
FRESHWATER ECOSYSTEMS AND BIODIVERSITY 
Freshwater ecosystems cover less than 1% of the total Earth’s surface, representing over 
0.01% of total available water resources (Dobson & Frid, 1998; Dudgeon et al., 2006). In 
spite of the limited extension and volume occupied by these biomes, they are among the 
more diverse and richest ones per unit of area (Arthington et al., 2004), supporting 
approximately the 6-7% of all described species around the world (Hawksworth & Kalin-
Arroyo, 1995; Dudgeon et al., 2006; Balian et al., 2008). However, freshwater ecosystems 
are also among the most endangered ones (Dudgeon et al., 2006), showing greater rates of 
biodiversity loss than other terrestrial or marine ecosystems (Fig. 1.1) (Ricciardi & 
Rasmussen, 1999; Millenium Ecoystem Assessment, 2005; WWF, 2012). In fact, future 
scenarios still show these ecosystems as the most vulnerable worldwide (Ricciardi & 
Rasmussen, 1999; Jenkins, 2003). 
All over the history, human civilizations development has been clearly dependent on the use 
of natural resources, as they provide several goods and services of different ecological, 
economic and societal value. In this sense, water is probably the most vital resource for 
human societies. Thus, freshwater ecosystems are also among the most influential ones, 
providing some of the most important services related to water supply (i.e., water to drink, 
fisheries…) (Strayer & Dudgeon, 2010). It is therefore not surprising that the majority of 
civilizations emerged near to freshwater bodies (i.e., streams and rivers), as these 
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ecosystems cover essential necessities for humans, providing as well several indirect 
services (i.e., favouring agricultural development). However, it is exactly this human 
dependence on these ecosystems which has generated high pressure levels on them 
(sometimes unsustainable), bearing to high levels of environmental degradation that rises 
as one of the main causes of the actual threat situation (Malqvist & Rundle, 2002; Esselman, 
2009). 
 
 
 
 
 
 
 
 
Figure 1.1. Figure showing the evolution of the Living Planet Index (indicator of the 
state of the biodiversity in the world) over the 1970-2000 period. The general, terrestrial, 
marine and freshwater indexes are shown. (Sources: WWF and Millennium Ecosystem 
Assessment). 
Although freshwater ecosystems are also highly vulnerable to indirect effects of 
anthropogenic pressure (i.e., climate change) (Sala et al., 2000), the direct effect exerted by 
human exploitation is probably the biggest threat to these biomes. Listed among the main 
anthropogenic derived factors that are contributing to this status, we could find: habitat loss 
and fragmentation, removal of riparian vegetation, flow regulation (i.e., dams, 
channelisation…), pollution, introduction of exotic species, water abstraction (i.e., for 
agricultural irrigation…) and overexploitation (Dudgeon et al., 2006). All these 
modifications taken to the extreme led to the clear decline in freshwater biodiversity 
around the world, which clearly affected the biotic integrity of these ecosystems (Karr et al. 
1986). In fact, nowadays over the 90% of freshwater species are endangered, with future 
predictions indicating even higher extinction rates for this fauna (Strayer, 2006; 
Portocarrero-Aya, 2012). The Iberian Peninsula case deserves a special mention in this 
sense. Due to its high diversity of aquatic habitats, the natural isolation among them and the 
special climatic conditions that could be found, this area presents very high levels of 
endemism within its fauna (Doadrio, 2001; Verdú et al., 2008). This fact makes the loss of 
biodiversity in the Iberian Peninsula particularly worrying. However, the interacting 
influence of the previously mentioned threats makes difficult to ascertain the real cause of 
individual species loss (Allan & Fleker, 1993; He, 2010), often compromising several 
conservation efforts (Malmqvist & Rundle, 2002). 
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FRESHWATER BIODIVERSITY CONSERVATION  
Why to preserve biodiversity? 
There is no doubt nowadays, that biodiversity plays a key role over ecosystem properties, 
thus conditioning the goods and services that could derive from them (Hooper et al., 2005). 
So that biodiversity loss may imply the loss of those services. From a human society point of 
view, the pressure exerted over freshwater systems due to the goods and services they 
provide, finally may lead to the loss of the same. It’s mainly a feed-back loss. If ecosystem 
multiple services are wanted to be preserved for human well-being, these systems should be 
managed at a large-scale to maintain the major possible environmental biodiversity (TEEB, 
2010). In this context, sustainability emerged as a key concept in the management of 
ecosystems (Breine, 2009). The ultimate goal of all efforts should be to preserve healthy 
diverse biomes. 
Many of the mentioned goods and services often are only considered from an economic 
point of view or on the basis to its direct utility to humans. However, biodiversity 
preservation is also desirable from other several ethical, ecological or even aesthetic 
reasons (Ehrlich & Wilson, 1991). When we speak about the ethical value of biodiversity, we 
are referring to the right of every species to live (due to their own intrinsic value), beyond to 
the extended anthropocentric view of other species as merely resources (Alho, 2008). In 
other words, if we aim to effectively conserve ecosystems and its associated services, the 
society should evolve to a mid term view between a strict anthropocentric perspective of 
biodiversity and an ecocentric or biocentric one. Furthermore, biodiversity loss may have 
direct implications over the structure and functioning of ecosystems per se, over which in 
ultimate term depends not only human subsistence but also the global planet well-
functioning. Biodiversity plays a key role in nutrient cycling and energy transference fluxes 
(Portocarrero-Aya, 2012), and this aspect is vital for the maintenance of the resilience of 
ecosystems (Chapin et al., 2000). Resilience is conceived as the amount of disturbance that 
an ecosystem could withstand without experiencing changes in structure or functioning 
(Holling, 1973). Thus, the importance of biodiversity in maintaining ecosystem processes 
and resilience is also a vital value for its conservation (Giller & Malqvist, 1998). 
Biodiversity loss. A global concern. 
All the aforementioned justify the increasing global concern about the conservation of 
biodiversity and the development of several political initiatives (both at international and 
national levels) aimed to this end on the last decades. 
Over all the taken measures, there is one vital action that deserves probably the highest 
credit due to its implications since nowadays. The deep concern about the biodiversity 
situation worldwide was expressed during the Earth Summit in 1992, when the Convention 
on Biological Diversity (CBD) (Council Decision 93/626/EEC) was adopted. The Convention 
received 168 signatures and its main objectives were the conservation of biodiversity, the 
sustainable use of its components, and the fair and equitable sharing of the benefits arising 
from the use of its genetic resources. For the first time, sustainability raised as an essential 
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prerequisite during the development of environmental resources management plans (CBD, 
1992), and a new dimension in biodiversity conservation strategies emerged. Furthermore, 
in 2001 a significantly reduction of biodiversity loss was established as target to 2010 and 
during the World Summit on Sustainable Development (WSSD) of 2002, the CBD was 
recognized as the main guide to achieve it. However, in March 2010 the Council of The 
European Union acknowledged that this target was finally not achieved (Council of the 
European Union, 2010). In Europe, the verified fail in the attempt of halting biodiversity loss 
may be attributed to the inadequate way of integrating conservation efforts within the 
existing legislation. Thus, a new target was then established to 2020. The period 2011-2020 
was declared as the United Nations Decade on Biodiversity, ratified by the European Council 
with the EU Biodiversity Strategy to 2020 (Council of the European Union, 2011) and 
coincident with the Strategic Plan for Biodiversity 2011-2020 of the Convention on Biological 
Diversity (CBD, 2010). Both initiatives, deal with the need of implementing better, effective 
and urgent actions that in ultimate term aim to halt biodiversity loss. At the same time, both 
perspectives share a long-term view with more ambitious goals related to improving 
biodiversity conservation to 2050. 
Trying to obtain a quick view from the first steps to the actual situation related to 
biodiversity conservation in Europe, we are going to summarize those conventions and 
directives with highest influence on this sense. The Bern convention (Council of Europe, 
1979), also called Convention on the Conservation of European Wildlife and Natural Habitats, 
was one of the first steps for the conservation of diversity at large scale in Europe. From this 
point, several directives gained also importance on this goal. For example, both the 
European Directive on the Conservation of Wild Birds (EU Wild Birds Directive, 79/409/EEC) 
and the Directive on the Conservation of Natural Habitats and of Wild Fauna and Flora (EU 
Habitats Directive, 92/43/EEC), merged to create a network of protected areas within the 
EU (Natura 2000 Network). Referring specifically to aquatic ecosystems the European Water 
Framework Directive (EU WFD Directive 2000/60/EEC), whose main goal is achieve a good 
ecological status for major European water bodies by 2015, deserves also a special mention. 
However, nowadays the WFD in spite of its potential lacks of real conservation value, as it 
mainly contemplate ecological quality goals. In other hand, although the Wild Birds and 
Habitat directives contemplate conservation goals, it is not possible to quantify biodiversity 
or its loss at different scales through them. Thus, different scientific-technical options trying 
to integrate both perspectives (WFD and Habitats goals) are being explored at European 
level. This alternative represents one of the biggest hopes for improving biodiversity 
conservation in this area (mainly in highly threatened systems such as freshwater bodies). 
At national scale several plans and laws were implemented over the last years to integrate 
the mentioned international agreements. As in example, in the Spanish case the Law 
42/2007 on Natural Heritage and Biodiversity, that incorporated many of the 
recommendations related to the halt of biodiversity loss expressed in the CDB. 
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A new conception in freshwater biodiversity conservation  
For a long time, biodiversity management and conservation plans have been grounded in 
the protection of particular areas or species of interest, regardless of other biological 
communities and habitat features with which they interrelate (Portocarrero-Aya, 2012). 
Nowadays it is a fact that so narrow approaches represent a crass mistake, especially in 
particular vulnerable ecosystems such as rivers and streams (Moss, 2000). Ignoring 
fundamental aspects related to the functioning and structure of the systems in which the 
species object to management are found, may lead to an erroneous view of the problem and 
its underlying causes, and often result in unsuccessful conservation attempts (Sinclair et al., 
2006). Therefore, it is necessary the conception of a new approach to this questions, that 
imply a more global view of the biodiversity problem in these systems. Basically, an 
approach that takes into account every component and process occurring within the 
ecosystem, as well as its social context, even to preserve a single part of the same 
(Arthington et al., 2004; Rice, 2005). In other words, an ecosystem approach in which the 
understanding of all ecological and human processes is fundamental to preserve its 
biodiversity or threatened species in ultimate term (Fig. 1.2). 
 
 
 
 
 
 
Figure 1.2. Conceptual framework of the ecosystem and traditional 
management approaches (Source: Adapted from Forget & Lebel, 2001). 
This approach represents a great step for integrating the three main objectives expressed in 
the Convention on Biological Diversity (Smith & Maltby, 2003). On this sense, the emergence 
of the Conservation Ecology has played a key role in the change of this view (Strayer & 
Dudgeon, 2010). It represents a multidisciplinary approach that would provide managers of 
valuable information (i.e., identification of organization levels of biodiversity, interactions, 
disturbance levels, understanding of several ecological processes…), for implementing 
effective conservation or management strategies (Committee on Inland Aquatic Ecosystems, 
1996; Giller & Malmqvist, 1998). In the case of rivers this fact is even more evident, as due 
to its own intrinsic characteristics these ecosystems’ functioning is particularly complex, 
clearly hampering and influencing biodiversity conservation plans. 
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CHALLENGES IN STREAM BIODIVERSITY CONSERVATION  
There are several factors that should be taken into account for the development and 
planning of any biodiversity management plan related to lotic systems. However, we only 
are going to deal with 6 of these fundamental aspects, based on the importance of the same 
within the context of the present PhD work. 
Stream connectivity 
As previously mentioned, we should be aware that when we speak about lotic ecosystems 
we are speaking about highly complex systems, open to several sources of variability and 
disturbance. This fact is reflected in the clear ineffectiveness (greater than in other 
ecosystems) of traditional approaches, in which biodiversity conservation was based 
primarily on the preservation of certain areas in basis to several criteria (i.e., the presence of 
a threatened species in a particular zone). This fact, lead us to delve into a concept that 
clearly conditions the failure of this kind of approaches, and that is the “connectivity”. 
Within any river or stream all processes could operate according to 4 main dimensions: 
longitudinal, lateral, vertical and temporal (Ward, 1989; Petts & Amoros, 1996; Giller & 
Malmqvist, 1998) (Fig. 1.3). These dimensions condition the pathways of energy and matter 
within the whole system, through the connectivity among the different elements composing 
it. We could speak then about longitudinal, lateral, vertical and temporal connectivity, that 
condition the functioning of lotic ecosystems (Pringle, 2001). Thus, any change in the 
natural patterns of this connectivity may have undesirable effects over freshwater 
biodiversity, as well as not taking into account this factor (even on its natural conditions) 
may hinder any conservation effort (Nel et al., 2009). Referring to its implications over the 
conservation of biodiversity in these ecosystems, the longitudinal and lateral perspectives of 
connectivity are the most influential ones. Longitudinal connectivity is a concept that mainly 
refers to the pathways of energy and matter occurring along the length of a river or stream. 
The River Continuum Concept (RCC) (Vannote et al., 1980) is directly applicable to this 
approach, as it estipulate a predictive longitudinal change in energy inputs, physical 
conditions and biotic communities along lotic ecosystems. This directionality implies a real 
challenge for the development of conservation strategies, as the influence of upstream 
processes is reflected all along the stream gradient (Esselman, 2009). Considering human 
impacts over these systems, the present concept would suppose that any action affecting the 
stream at any level (i.e., water quality, structure of biotic communities …) would affect also 
far away downstream. In other hand, the maintenance of the longitudinal connectivity is 
also an essential requirement for many species whose survival depends on migrations along 
the stream channel (Bunn & Arthington, 2002). In this context, channel modifications as the 
construction of dams, would imply a direct threat to the viability of such species. 
Besides, riparian areas and floodplains that surround rivers and streams clearly influence 
riverine processes and structure, and thus could also be considered as key parts of these 
ecosystems. The energy and matter transference among these habitats, are driving the 
lateral connectivity concept. Analogously to what happened with the RCC and the 
longitudinal connectivity, in this case the Flood Pulse Concept (FPC) (Junk et al., 1989) is 
directly applicable to understand this interaction between water and land. From this point, 
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it raises as evident that any alterations in the mentioned surrounding areas, as well as in the 
inundation periodic patterns may have disastrous effects over biodiversity of lotic 
ecosystems. Thus, conservation and management plans, beyond considering streams and 
rivers as mere channels of water should also consider the influence of these surrounding 
areas and its preservation. 
 
 
 
 
 
 
 
 
Figure 1.3. The 4 dimensions of a stream corridor (Source: 
Based on Federal Interagency Stream Restoration Working 
Group, FISRWG, 1998). 
All aforementioned may imply the need of increasing the management scale from an area of 
interest to a landscape perspective for these ecosystems, and often processes must be 
considered at the whole-catchment (Nel et al., 2009) or even greater scales. This initial 
consideration leads us to the next aspect that should be addressed during the development 
of any conservation plan of biodiversity in streams. The “study scale”. 
Study scale 
Another of the major challenges currently facing the conservation of biodiversity in lotic 
ecosystems, is to decide which is the most appropriate spatio-temporal scale that should be 
addressed when planning research aimed to help managers during decision-making. Due to 
the intrinsic characteristics of research in aquatic ecosystems (i.e., complexity, needed 
resources…), in most occasions the same are developed over small study scales (Angermeier 
& Winston, 1999). This fact greatly complicates the extraction of general principles, which 
are applicable to conservation plans attempting to halt biodiversity loss at great scale 
(Angermeier & Winston, 1999). All the processes that occur in rivers are susceptible to 
hierarchization as they occur within a spatio-temporal framework  (Frissell et al., 1986), so 
that the choice of a particular study scale largely defines the kind of processes and the 
extent to which they could be addressed (Woodward & Hildrew, 2002). For that reason, 
extensive studies covering different scales may favour that the obtained information would 
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be effectively integrated in management plans. In example, several papers trying to bring 
science and management closer in the case of an emblematic species such as the Atlantic 
salmon, demonstrated that it is more effective to integrate the study of the processes of 
interest across scales and disciplines, rather than focusing on a particular one (Armstrong et 
al., 1998; Mather et al., 1998). 
Habitat loss and carrying capacity 
One of the major repercussions of human pressure over lotic ecosystems (i.e., dams, 
pollution…) is the loss of habitats, which would suppose its destruction, degradation or even 
the artificial fragmentation of the same (Malqvist & Rundle, 2002). In general, the concept of 
fragmentation imply that an initially continuous habitat begins to fragment in patches, that 
would reduce even more over time, and thus constrain the biotic populations present by 
increasing the gaps among them (Sinclair et al., 2006) (Fig. 1.4). This phenomenon often 
poses a significant threat to biodiversity of these ecosystems (Zwick, 1992; Fahrig, 2003) 
and may have implicit, changes in the distribution patterns of several species or local 
extinctions. Furthermore, when this fact implies the loss of a keystone species it could have 
even worst consequences (Naiman & Laterell, 2005), as these are the ones with greatest 
influence in the structure and functioning of ecosystems. As well as it supposes the loss of 
many services associated to healthy lotic ecosystems. In general, habitat loss and 
fragmentation is a greater threat to those species with higher degrees of specialization over 
its habitat requirements (Sinclair et al., 2006), as it is the case of most fauna and flora 
present in rivers. This fact makes the biodiversity of these ecosystems especially vulnerable. 
Therefore, in any management plan is vital to include and gather information related to 
habitats situation, and also take into account prior information related to habitat 
requirements of species (Naiman & Laterell, 2005). Although this should not be the only 
measure to be taken. 
 
 
 
 
 
 
 
 
 
 
Figure 1.4. Figure representing the 
principles of habitat loss and 
fragmentation in a landscape. Dark 
areas represent the original habitat 
and white areas represent lost or 
modified habitat (Source: Adapted 
from Groom et al., 2006). 
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The process through which habitat loss and deterioration is conditioning biodiversity in 
streams, could be directly linked to the concept of carrying capacity of an ecosystem. This 
concept was defined accurately by Monte-Luna et al. (2004) as “the limit of growth or 
development of each and all hierarchical levels of biological integration, beginning with the 
population, and shaped by processes and interdependent relationships between finite 
resources and the consumers of those resources”. But to a general view, it mainly indicates 
the maximum number of individuals of a given population that an ecosystem can support 
naturally. It also represents a major challenge for the development of conservation 
measures, as knowing the maximum size that managed populations may have within a given 
system is vital to develop profitable plans for its conservation (Aprahamian et al., 2003). In 
general, this capacity is given mainly by the resources available to populations. For that 
reason, the prior mentioned alterations in lotic habitats may suppose reductions in the 
carrying capacity of rivers and streams, having clear implications over several structural 
and functional properties of these ecosystems, thus hindering several biodiversity 
conservation attempts and making necessary to redefine many other ongoing plans. 
From all this, we can deduce that at a global level the pressure over lotic habitats may lead 
to a higher isolation among populations, as well as it could modify substantially biotic 
interaction patterns among species. Two aspects that we are going to develop below. 
Population’s isolation 
In some way, lotic drainages could be considered as independent environmental patches 
that are highly isolated from each other (Zwick, 1992). This situation occurred mainly in 
great rivers and affects in greater scale the fish communities of the same. As a consequence, 
many biological populations evolve independently, at the time these ecosystems accumulate 
very high levels of endemisms (Dudgeon et al., 2006). This high isolation clearly difficults 
the development of conservation measures at greater scales than catchments. Furthermore, 
the previously mentioned habitat loss and fragmentation are also contributing to this 
isolation (Collinge, 1996), representing one of the biggest threats for lotic biodiversity. 
Often, an approach attempting to reduce fragmentation effects over specialist species, pass 
from creating corridors that connect patches of suitable habitat (Ewers & Didham, 2006). 
Biotic interactions 
In general terms, it could be said that biotic communities in rivers and streams (as in other 
ecosystems) are composed of populations of different organisms that interact within a 
framework of physico-chemical conditions (Sinclair et al., 2006). Biotic interactions (i.e., 
competition, predation, parasitism…) also play a key role in the maintenance of the lotic 
ecosystems properties (Ludlam & Magoulick, 2010). So those ecosystem alterations (both at 
habitat level or within the own biotic communities) that imply changes in the way 
organisms interact, may have unpredictable effects over these biomes and in ultimate term, 
suppose a threat to lotic biodiversity. Therefore, both the biotic interactions occurring in 
natural conditions or driven by critical moments (i.e., habitat degradation or loss, 
introduction of new species, resources limitations…) should be taken into account if 
biodiversity of these ecosystems are wanted to be preserved (Margules & Pressey, 2000). It 
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is necessary to raise research objectives and conservation plans that go beyond the species 
of interest, and focus in studying and maintaining the whole communities (Angermeier & 
Winston, 1999) in natural healthy conditions. 
Focusing on fish conservation (as it is the main focus of the present work) we will explain a 
set of examples that lead us to address this issue in further detail. As previously mentioned, 
it is known that most fauna inhabiting rivers and streams are highly dependent on specific 
habitat and resources characteristics (i.e., refuge, food, physicochemical conditions…) (Giller 
& Malqvist, 1998). This is specially exacerbated in the case of many salmonids (Armstrong 
et al., 2003; Xunta de Galicia, 2008). So that, all those habitat or community alterations that 
originate changes in these specific conditions, may suppose the increase of interactions such 
as competition or predation, which have a high denso-dependent component. As detailed 
example, we could mention the effects of fish stocking efforts along so many catchments 
with different purposes (i.e., conservation, recreational…). Those practices suppose the 
introduction of a high number of effectives within lotic ecosystems, and here gains again 
importance the prior mentioned concept of carrying capacity (Aprahamian et al., 2003). If 
stocking efforts are beyond this capacity resources of the ecosystem may be insufficient. 
This fact will entail either migrations looking for suitable habitats, or increases in 
competition for resources (both intra- or interspecifically). As a consequence, this situation 
may also imply changes in the ecosystem properties. Speaking about predation, we should 
mention that predators often represent keystone species within ecosystems, and can 
directly affect the composition of prey community (Sinclair et al., 2006). Thus, it also has 
direct implications on biodiversity conservation. As example we mention the introduction of 
exotic species in many rivers and streams. This act supposes the introduction of a new actor 
within the ecosystem community, which logically is going to interact with the rest of the 
species with variable consequences (even the extinction of whole populations). Often, the 
introduced species represent a predator to which the rest of the community is not prepared. 
What lies behind the exposed examples, is that in spite of the fact that biotic interactions 
among organisms play a key role per se within rivers and streams, those alterations that 
involves them at any level can lead to further changes in the ecosystem functioning (i.e. , 
primary production, material and energy flows ...) (Ludlam & Magoulick, 2010). Therefore, 
this fact could worsen the critical situation of its biodiversity. The high sources of pressure 
and change to what these ecosystems are subject, as well the complexity inherent to them, 
makes this question even more difficult to address. All this, give us an idea of the great 
challenge that suppose attempting to effectively integrate biotic interactions within a 
context of biodiversity conservation. 
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FRESHWATER FISH AND BIODIVERSITY CONSERVATION 
General situation 
Within all the fauna inhabiting freshwater ecosystems, fishes are probably the richest and 
more diverse group (Hermoso et al., 2009) accounting over 40-45% of total fish species 
known (Nelson, 2006; Lévêque et al., 2008). However, freshwater fish are also among the 
most threatened groups through all existing ecosystems (Duncan & Lockwood, 2001; 
Saunders et al., 2002). According to the IUCN Red List over a 33% of all described fish are 
threatened (IUCN, 2012) and a great proportion are present in lotic habitats. Considering 
the European freshwater fauna approximately 37% of fish are in this situation (Freyhof & 
Brooks, 2011) (Fig. 1.5). As said, the Iberian Peninsula has a very high level of endemism 
within its fauna, and most of those endemic fish inhabiting freshwater habitats in this area 
are threatened according to IUCN criteria (Elvira, 1995; Doadrio, 2001). 
In general, as well as for other taxonomic groups, this situation for freshwater fish is 
basically induced by human pressure at different levels (Giller & Malqvist, 1998; Duncan & 
Lockwood, 2001). In the Iberian Peninsula case, water contamination, exotic species 
introduction and those human actions that induced habitat alterations, appear as main 
drivers influencing the situation of freshwater fish fauna (Doadrio, 2001; Prenda et al., 
2008). However, in spite of this critical status, the conservation of freshwater fish in Spain is 
still far away from being effective and deeply addressed (Elvira, 1995; Filipe et al., 2004). 
 
 
 
 
 
Figure 1.5. Red List Status of freshwater fishes in Europe (Source: Adapted 
from Freyhof & Brooks, 2011). 
Fish study importance 
The study of several ecological and biological aspects of fish species is a subject of great 
interest worldwide. Not only due to the intrinsic value of fishes for humans (i.e., food source, 
cultural value…), but also because such studies allows improving fish conservation, as well 
as they could provide a useful framework for the conservation of biodiversity at greater 
levels. 
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Importance for the conservation of freshwater fish 
The critical situation experienced by freshwater fish lead to the need of 
implementing several management strategies to halt population’s declines and 
extinctions. However, the large gaps in basic knowledge (habitat requirements, 
distribution, community composition, status of populations within catchments …) 
(Doadrio, 2001; Prenda et al., 2008), often difficult the success of several 
conservation attempts. Therefore, these studies will generate a necessary and vital 
knowledge that is not yet integrated into existing management plans. 
Importance for the conservation of general biodiversity 
Given the global situation of earth’s biodiversity, especially in aquatic ecosystems, 
and under the new regulations and conventions (mentioned in previous sections), 
its conservation requires the implementation of new measures to preserve the 
aquatic environment and all its components. It is an important issue that those 
measures involved in biodiversity conservation plans (which suppose an ecological 
goal), contemplate the use of indicators that allow the evaluation of the overall 
ecosystem health (Breine, 2009). This information greatly facilitates the accurate 
design and thus a successful outcome of the mentioned plans. On this sense, we must 
emphasize the importance and utility of biological indicators (or bioindicators). In 
the Water Framework Directive case, different biological indicators (macrophytes, 
invertebrates, diatoms and fish) are used to assess the status of water bodies. Its 
abundance and composition are the main biological elements required in the use of 
these groups as biological indicators (Pardo et al., 2010). Thus, any alteration on the 
mentioned elements may give us an indication of different impacts over the 
ecosystem. The advantages of using fish assemblages as indicator of lotic ecosystems 
health over other groups are several. But mainly, we should mention their great 
longevity and mobility, which allow them to integrate information about the 
environment status and impacts over large spatio-temporal scales (Karr, 1981; 
Confederación Hidrográfica del Ebro, 2005). However, the evaluation of fish 
communities attributes is often difficult and constrained by several factors, thus its 
application is not so extended as other biological indicators (i.e., invertebrates or 
diatoms) (Karr, 1981). As the information obtained from fish studies and its use as 
indicators may be very useful in biodiversity conservation, this aspects should be 
still further evaluated. 
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ATLANTIC SALMON (SALMO SALAR L.). A CASE STUDY OF A 
THREATENED SPECIES IN GALICIA (NW IBERIAN PENINSULA) 
At an international level, the Atlantic salmon is listed in the Appendix III of the Bern 
Convention 82/77 (except when at the sea). Being a catalogued species of European 
importance in the Annexes II and V of the EC Habitats & Species Directive (92/42/EEC). At 
national level, it is listed as a vulnerable species in the Red Book of Spanish Vertebrates. 
Historically fluvial systems of NW of the Iberian Peninsula constituted an area of great 
salmon abundance within the natural range of distribution of the species. Nevertheless, 
parallel to what happened in another several catchments worldwide, official statistics 
gathered over the last 50 years of the XX century, showed a marked reduction in the number 
of catches in this area (Hervella, 2002). This progressive decrease in the number of wild 
salmon in Spanish rivers, led the World Wildlife Fund considers this species as endangered 
in most of this area (WWF, 2001). 
 
 
 
 
 
 
 
 
 
 
Figure 1.6. Official captures of Atlantic salmon (Salmo salar L.) in Galicia (NW Iberian 
Peninsula) over the 1949-2004 period (Source: Adapted from Xunta de Galicia, 2008). 
Specifically, Galician rivers along with some rivers in Northern Portugal are the strict 
Southern limit of the species in Europe, mainly reflecting the thermal regime in the rivers. 
However, alteration and degradation of stream and rivers (because of populations growth, 
changes in land use...), the reduction of accessible areas for species (due to the construction 
of hydroelectric dams) or the fishing exploitation among other reasons, have led to the 
marked downward trend in the survival of the species in the rivers of the zone in recent 
decades (Fig. 1.6). Turning Galicia to a minor distributional region for salmon within the 
Peninsula (Hervella, 2002). In fact, in the aforementioned report of the World Wildlife Fund 
CHAPTER 1 
 
 
16 
(WWF, 2001), Atlantic salmon at the time of its publication was endangered in 6 of the 
Galician rivers that still supported stable wild populations in the mid-90’s. Besides, 
nowadays Galicia (as part of Spain) signed the Convention for the Conservation of Salmon in 
the North Atlantic Ocean (Xunta de Galicia, 2008). 
The high extinction rates of salmon populations in many Galician rivers (Fig. 1.7), the critical 
present situation of several populations, plus the fact that it is the Southernmost 
metapopulation of Europe, make the conservation of the species in this area a priority. 
That’s the reason why since the early 90's the Galician Government began the adoption and 
development of various management measures, aimed at protecting the species in the rivers 
of this community (Hervella, 2002). Thus, the 7/1992 law of river fishing in Galicia 
introduced for the first time aspects related to its conservation and habitat protection. 
Moreover, in recent decades, stocking programmes have been one of the most widely spread 
measures around the world, aimed to mitigate the decline of the species (McDonald et al., 
1998, Jonsson & Jonsson, 2006). As in most salmon rivers of the Iberian Peninsula, stocking 
programmes using individuals of foreign origin were conducted in Galicia from the late 70’s 
to early 90’s (Saura et al., 2008). However, the success of this measure was reduced and that 
was the main reason that triggered the implementation of a comprehensive management 
programme for the recovery of the species in the area. Among the established measures 
since then, they included the construction and improvement of scales and the improvement 
of water quality and habitats, both as in situ measures of recovery of the species. In addition 
greater legislative control was adopted, capturing stations were built and clear 
improvements in the recruitment techniques used to date were introduced (Hervella, 2002). 
Thus, in 1995 a breeding programme for stocking began, based on the use of autochthonous 
individuals. The present capturing stations in salmon rivers of the area were used for the 
collection of good quality spawners, whose progeny were used for stocking (trying to keep 
progeny in the river of origin). For those rivers without available spawners, stocks for 
release were obtained from spawners from nearby rivers (Saura et al., 2006). 
 
 
 
 
 
 
 
Figure 1.7. Past and current 
distribution of Atlantic salmon 
(Salmo salar L.) population 
within Galician lotic ecosystems 
(Source: Adapted from Xunta 
de Galicia, 2008). 
Current presence
Recent disappearence
Old quotations
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However, it should be considered that the introduction of captive bred species into the wild 
could suppose a high cost, in addition, as reflection of the breeding conditions individuals 
may have genetic and behavioral variations that can cause a decrease in their ability to 
adapt to natural environment (Consuegra et al., 2002). For these reasons, a vital issue of 
stocking is to determine its effectiveness. With this purpose, over the last years the Galician 
Government has been collecting various data through different capture stations and 
automatic counters located in the rivers, as well as through fish inventories that are held 
annually. These data show that although all efforts to some extent paid off (showing some 
signs of recovery in some basins), it is also true that there are isolated populations, or with 
very short accessible areas in the rivers, which are still in danger or even disappeared 
despite such efforts (Xunta de Galicia, 2008). In this sense, the stocking monitoring that 
nowadays makes the Galician regional government doesn’t include the study of 
environmental factors affecting the development and survival of individuals after release, 
and that therefore may have impact on its effectiveness. In fact, many studies show the 
importance and need of increasing the ecological knowledge on the survival of stocked 
juveniles from wild spawners (Letcher et al., 2002; Henderson & Letcher, 2003; Hendry et 
al., 2003). Detailed studies of the fluvial factors of relevance for these juveniles is of vital 
importance, as these can also influence subsequent survival at the sea and the returning of 
adults (Hawkins, 2000). These factors include habitat quality, food availability, the existence 
of artificial barriers..., as well as interactions of this species with other biological 
communities established in the rivers that need to be considered. That is why a 
comprehensive study of all these aspects can provide new information and knowledge to 
progress in the effectiveness of conservation programmes, improving not only recovery 
techniques of the specie but also addressing improvement in habitat quality. 
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1.2. IMPORTANCE OF THE STUDY AREA 
Although a precise description of the study area and sites is given in each of the following 
chapters according to the different objectives, it seems necessary to make a short 
appreciation of its importance as a freshwater ecosystem, on the basis of the general 
framework given in this introduction. 
The Tea Stream is part of the 2000 Nature Network (in the Galician proposal of Sites of 
Community Importance). It also represents a Special Protection Area for Natural Values 
(ZEPVN), providing as well habitats for threatened species, such as the Atlantic salmon. 
Therefore, when considering the development of management plans for the Tea 
biodiversity, we should take into account the different environmental directives related to 
the subject (i.e., Habitats), the WFD and the fact that Galicia is member of the NASCO (North 
Atlantic Salmon Conservation Organization). From all this, it raises as evident that the Tea 
Stream should be endowed of management plans including appropriate measures for the 
reduction of human pressures and that promote the sustainable use and conservation of its 
components (i.e., the Atlantic salmon) (WFD, 2000/60/EC; Xunta de Galicia, 2008). In other 
hand, the knowledge about the ecological and biological processes guiding this special 
system is poorly documented. Thus, further research on these issues may be desirable to 
effectively improve management and conservation efforts addressing its biodiversity. 
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1.3. WORK JUSTIFICATION 
SCIENTIFIC-ECOLOGICAL JUSTIFICATION 
As previously said, actually there are many gaps referring to vital aspect of freshwater fish 
ecological and biological processes. Resolving these issues should provide valuable 
information that would help understanding the functioning and structure of the studied 
system, as well as the way of addressing the conservation of its biodiversity. 
TECHNICAL-ECONOMIC JUSTIFICATION 
It is expected that the generated knowledge could be effectively integrated in the 
management plans for the Atlantic salmon developed in the area. The applicability of the 
Thesis results should improve and make more cost-effective the actual plans for the 
conservation of the biodiversity in the Tea Stream, and specifically for the Atlantic salmon 
case. 
Fish game as a recreational activity and the importance of some species as emblematic 
symbol, are an important economic source attracting fisherman and tourism to the rivers of 
the area. Thus, increasing the knowledge on this subject is important to preserve these 
services. 
SOCIAL JUSTIFICATION 
The social rationale of this work is given in one hand by the aesthetic value of fishes. Fact 
that beyond their utility as resources, makes them a valuable freshwater component from a 
socio-cultural context. Thus, the conservation and increasing knowledge in freshwater fish 
communities may be valuable from the point of view of society’s interest in fishes, as 
emblematic symbols or for enjoyment. 
In other hand, it is a fact that fishes also provide direct services to societies, being resources 
by themselves or through its influence on the ecosystem functioning (of which depend 
several other goods and services). In this context, the information obtained here would be 
useful to prevent and treat the loss of services inherent to the freshwater system object of 
study. 
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1.4. THESIS OBJECTIVES 
GENERAL OBJECTIVE 
With base on the previously presented theoretical framework up to the moment, the main 
purpose of this PhD work addresses two principal focuses. First, there is a purely scientific 
aim, which consist in the deep scientific understanding of the ecological and biological bases 
controlling the Tea Stream fish communities, aimed to gather a better understanding of the 
ecosystem functioning. Second, the underlying goal beyond this, is directed to the practical 
application of the obtained scientific knowledge in the improvement of management plans 
(not yet established but with a future perspective) in the area. The resulting ecological 
information aimed to represent a significant improvement in the conservation of the 
biodiversity in this special ecosystem. 
PARTIAL OBJECTIVES 
Objective 1 
The initial hypothesis of this objective states that habitat features influence 
ecological properties of fish communities in the Tea Stream, and this fact may be 
determinant for the stream biodiversity conservation plans. In order to understand 
the environmental conditions to which the fish community is subjected in the 
studied stream, the first objective of this work included the study of the physical 
habitat, fish communities and their relationships. 
1a: Establish the structure, composition and abundance of the fish community 
present in different sections located along the stream. 
1b: Link the biological parameters with habitat conditions present along the stream 
axis. 
1c: Identify spatial distribution patterns existing in fish populations in the stream, 
allowing the establishment of different conditions, identified as treatments, for 
the design of subsequent studies. 
Objective 2 
The main hypothesis in objective 2, articulates that food webs and energy 
transference change in a predictable way according to spatio-temporal scales within 
the Tea Stream, and that the consideration of spatio-temporal sources of uncertainty 
may facilitate the interpretation of results in such studies. In any ecosystem the 
different trophic components (i.e., resources and consumers) are interrelated 
determining the system state. Thus, alterations in one of the components would 
involve alterations in the rest. Hence, it is especially important to determine the 
relationships between these components. Stable isotope analysis (SIA) is a powerful 
tool for the study of trophic relationships. However, the spatio-temporal natural 
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isotopic variability found in rivers, may obscure the use and interpretation of results 
when applying this approach. That’s why the second goal of this Thesis focuses in 
the study of energy fluxes and food webs along the Tea Stream, and in evaluating the 
utility of SIA studies in the same. 
2a: Establish a first approximation to the stream food web in different reaches. 
2b: Identify longitudinal patterns in the flow of C and N, taking into account all 
trophic components. 
2c: Evaluate several sources of variability that may hinder, or have influence, on food 
web and energy flow studies within the stream. 
2e: Evaluate possible differences between short and long term diets within the fish 
community of the stream. With this purpose isotopic analysis techniques and 
dietary studies (stomach contents) will be used. 
Objective 3 
The hypothesis underlying this third objective is that biotic interactions are 
influencing both the outcome of conservation efforts and the structure of biotic 
communities within the Tea Stream. Population sizes of the different species 
inhabiting rivers depend largely on the different strategies followed in their 
population dynamics. So, population size in the salmonids case depends largely on 
density-dependent factors (i.e., competition, predation...), while in other groups as 
cyprinids density-independent mechanisms are most influential (i.e., abiotic 
factors...). Given the particular interest of salmonids in the Galician rivers, this third 
objective explores the potential for biological interactions in the salmonid 
community of the Tea Stream. 
3a:  Evaluate food availability for the salmonid community in selected reaches along 
the studied stream. 
3b:  Develop a detailed description of the diet, feeding strategies and food selection 
by different salmonid species in the stream. 
3c:  Evaluate biotic interactions (i.e., competition for food, predation…) that may be 
occurring in the mentioned salmonid community. 
3d:  Assess the potential for the existence of trophic niche overlap, which could lead 
to competitive interactions between salmonids.  
3e: Test the possibility of trout predation over salmon  
3e: The Tea Stream is subject to frequent stocking practices of Atlantic salmon, 
reason why we will try to assess the effect that these procedures may have on 
the wild salmonid community of the stream and vice versa. To achieve this goal, 
the present study was conducted during summer after a controlled release of 
salmon juveniles as part of the management plans carried out by the Galician 
Government. 
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Objective 4 
The initial hypotheses of this objective are that the change of salmon juveniles 
between rearing conditions to the natural environment is influencing stocking 
success, and that a prior acclimatization to natural conditions should improve the 
species conservation programmes. Given the critical situation of the Atlantic salmon 
worldwide, in addition to the fact that the Tea Stream is one of the few rivers 
maintaining stable populations within its Southern limit of distribution in Europe; 
the fourth objective of this Thesis is to specifically address the ecological study of 
this species in the stream and to follow stocking practices. 
4a: Evaluate the effectiveness of stocking practices carried out in the study stream. 
4b: Identify factors influencing the success of stocking practices. In line with the 
above mentioned objectives, a series of studies designed to determine the effect 
that diet change between wild and captivity conditions may have on stocked 
individual will be carried out. 
4c: Explore whether preconditioning practices prior to the release could help in 
improving stocking programmes carried out in the area. 
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1.5. THESIS STRUCTURE 
Each partial objectives (Objective 1 to 4) are addressed in this Thesis within 4 independent 
chapters (Chapter 2 to 5), following the same order as the objectives enumeration. These 
chapters were disposed after a general introduction (Chapter 1), which provides a general 
basis to understand the development of the subsequent studies presented in this work. 
Chapters 2 to 5 were developed in regular scientific paper format. Currently 1 of these 
papers is published, other is in press, other is intended to be soon submitted and the last is 
in preparation. Thus, the present PhD is based in the following papers: 
Chapter 2: Costas, N., Álvarez, M. & Pardo, I. (2009). Characterization of an Atlantic salmon 
Salmo salar stream at the southern limit of its eastern Atlantic distribution. 
Journal of Fish Biology 75, 2552–2570. DOI 10.1111/j.1095-8649.2009   
.02445. x  
Chapter 3: Costas, N. & Pardo, I. Trophic variability in a stream longitudinal gradient: 
Evidence from gut contents and stable isotope analysis. (Intended to 
Freshwater Biology). 
Chapter 4: Feeding strategies, prey selection and trophic interactions in stocked juveniles 
of Atlantic salmon (Salmo salar) and wild salmonids. (In preparation). 
Chapter 5: Costas, N., Álvarez, M. & Pardo, I. Stocking efficiency and the effects of diet 
preconditioning on the post-release adaptation of hatchery-reared juveniles of 
Atlantic salmon (Salmo salar L.) in an Atlantic temperate stream. 
Environmental Biology of Fishes (In press) (accepted April 2012). DOI 
10.1007/s10641-012-0020-7. 
Following the main body of the Thesis, there is a chapter summarizing the main conclusions 
of each study (Chapter 6). This chapter aims to take a general view of the results and its 
importance within the context of the initial objectives. 
Following the normative of the University of Vigo for the presentation of Thesis works in a 
language other than officials in Spain, a general summary of the whole Thesis is given only 
in Spanish after the conclusions chapter. Finally it was included a section with several 
appendices that provide further summary statistic and analyses information related with 
this PhD work. 
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CHAPTER 2 
FISH COMMUNITIES AND HABITAT 
 
 
Characterization of an Atlantic salmon Salmo salar stream at the 
southern limit of its eastern Atlantic distribution 
 
 
Abstract 
Ten reaches of an Atlantic stream located in North-West Spain were sampled intensively 
during one summer to characterize the conditions where Atlantic salmon Salmo salar have 
been re-introduced along the stream. Fish species richness and diversity showed a 
downstream increase, which was mainly attributed to the higher number of cyprinid species 
found in the lower reaches. Moreover, except for brown trout Salmo trutta that appeared to 
be the most ubiquitous species, the densities of the other species was higher in the lower 
than in the upper stream reaches. Redundancy analysis showed that the pattern of fish 
assemblages observed along the studied stream was mainly related to the expected gradient 
observed in the levels of dissolved oxygen, discharge and mean current speed. There was a 
significant differentiation between midstream and downstream reaches, both in terms of 
the composition of their fish assemblages and the freshwater habitat. This study emphasizes 
the importance of describing the variations in fish assemblages and habitat characteristics 
along a river to explore its relation to potential changes in the survival of fish populations. In 
particular, the development of habitat–fish relationships may be a useful tool for water 
managers to assess the effects of development and restoration projects on the habitat of S. 
salar. 
 
 
Key words: fish assemblages; habitat requirements; North Atlantic streams; restocking 
plans. 
CHAPTER 2 
 
 
34 
INTRODUCTION 
Human pressure on freshwater ecosystems is leading to an accelerated habitat loss and 
fragmentation, causing the diversity of their communities to decline faster than in either 
terrestrial or marine habitats (Sala et al., 2000; Jenkins, 2003). Among the freshwater fauna, 
the Atlantic salmon Salmo salar L. is one of the most endangered species around the world. 
Its distribution range has suffered a gradual reduction over the last two centuries (WWF, 
2001; Hendry & Cragg-Hine, 2003). Because S. salar is typically anadromous, the existence 
of waterfalls, dams and pollution may offer barriers to fish migration and so represent 
strong impediments to population survival (Bardonnet & Baglinière, 2000). By studying S. 
salar distribution in the Iberian Peninsula, Braña (1995) showed that the species had 
already suffered a considerable reduction in its distribution, representing losses of 50% of 
the populations over the two previous decades. Such a decrease could be largely attributed 
to the construction of numerous large dams in the area and to the influence of human 
activity on freshwater habitat quality (Mills, 1989). Although the presence of physical 
barriers influences the areas of distribution of S. salar, an equally important condition for 
the survival of this anadromous species is the maintenance of specific environmental 
conditions, especially temperature (Scarnecchia, 1984). 
Different climatic projections predict temperature increases of 1.0–3.5° C until 2100 (Sala et 
al., 2000) for Southern temperate forests or increasing rates of 0.1–0.4° C per decade for 
Europe (Opdam & Wascher, 2004). As a consequence of these changes in climatic 
conditions, shifts in fish distribution around the world may be anticipated (Hauer et al., 
1997; Xenopoulos et al., 2005; Hari et al., 2006). For example, Brander et al. (2003) showed 
a general increase in the abundance of marine warm water fish species during the 1990’s in 
the Eastern North Atlantic. Other studies based on climatic conditions with temperature 
rises between 1 and 7° C also predict great reductions in the distributional ranges for most 
migratory fishes that complete their life cycle between sea and rivers (Cemagref, 2008). 
Therefore, as a response to climate warming, freshwater species typically occurring in cool 
waters, such as S. salar, will be replaced by fish species more adapted to warm waters, such 
as cyprinids (Inoue & Nakano, 2001; Steen, 2008). These changes in the distribution of fish 
communities will be more noticeable at the limits of the range of distribution of specific 
species, which corresponds to limiting levels of some key environmental factors (Perry et 
al., 2005; Cemagref, 2008; Mather et al., 2008). 
Restocking programmes have been widely used around the world to mitigate the decline in 
S. salar populations (McDonald et al., 1998; Jonsson & Jonsson, 2006). The use of the 
freshwater habitat by this species has been extensively studied over past decades to 
evaluate the association between fish communities and habitat conditions (Naiman & 
Latterell, 2005; Rice, 2005; Morán-López et al., 2006; Yamazaki et al., 2006). This 
information is considered a useful tool to asses the effects of development and restoration 
projects on S. salar habitat, and therefore may increase the probability of success for 
fisheries conservation programmes (García de Jalón et al., 1996; Inoue & Nakano, 2001; 
Armstrong et al., 2003). Thus, a detailed characterization of biotic and abiotic conditions of 
the freshwater habitat where hatchery-reared S. salar are released may be of vital 
importance to explore habitat–fish relationships between the survival of released 
populations and the habitat conditions where this species is being released. 
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The main objective of the study was to describe longitudinal patterns in fish communities 
and explore their relationship with environmental conditions along the restocked area of a 
S. salar stream. At each reach, the freshwater habitat was described in terms of physical, 
chemical and biological variables, which may affect the distribution of the fish communities. 
A second objective of this study was to elucidate whether the abundance of wild and 
restocked populations of S. salar may be affected by differences in the habitat conditions 
existing along the stream. 
MATERIALS AND METHODS 
Study site 
Three biogeographical units can be defined for the Iberian S. salar distribution area, each 
with a characteristic fish community: Galician coastal rivers, Asturian and occidental parts 
of Cantabrian Rivers and oriental Cantabrian Rivers (Braña, 1995). The rivers from North-
West Portugal could be added to the Galician ones, representing the Southern limit of 
distribution of the species in the Eastern Atlantic Ocean (Braña, 1995; Elliott et al., 1998; 
Hendry & Cragg-Hine, 2003). 
Rivers from the North-West of the Iberian Peninsula are exposed to high annual rainfall 
(mean ± S.E. annual value = 1450 ± 265 mm), with a dynamic of maximum flows in winter 
and minima in summer (Pardo, 2000). In this area, however, precipitation tends to be 
evenly distributed throughout the year (mean ± S.E. number of days with rain per year = 
152 ± 4) with catchments drained by hundreds of permanent small streams (Pardo, 2000; 
Pardo & Álvarez, 2006). These rivers flow mainly over insoluble rocks such as granite, 
leading to low water conductivity (Membiela et al., 1991). The fish assemblages in this 
biogeographic unit are mainly characterized by the presence of Iberian nase 
Pseudochondrostoma duriense (Coelho) and brown trout Salmo trutta L. (Braña, 1995). Red 
roach Chondrostoma arcasii (Steindachner), chub Squalius carolitertii Doadrio and three-
spined stickleback Gasterosteus aculeatus L. are also present in some rivers. Within this 
biogeographical unit, the Miño River, located in the North-West of the Iberian Peninsula 
(Spain), supports one of the most stable populations of S. salar of the Iberian Peninsula. 
This study was conducted in the Tea Stream (54 km length, 350 km2 catchment area), a 
fourth order tributary entering the lower basin of the Miño River (Fig. 2.1) (see Appendix 1). 
This stream rises at 900 m in the Suido mountain range and runs South-West until reaching 
the Miño at an altitude of 18 m (42° 05’ N; 8° 31’ W). The riparian vegetation in the basin 
has a good conservation status, being dominated by willow, Salix atrocinerea and Salix 
salvifolia, black alder Alnus glutinosa and ash Fraxinus angustifolia. Young oak groves 
formed by Quercus robur and little patches of Quercus pyrenaica can also be found in the 
lower part of the basin. As a consequence of its good conservation status, this stream is 
considered a Site of Community Importance (SCI) in the Galician proposal for the Natura 
2000 EU Network of protected areas. 
Ten reaches of the Tea Stream were sampled intensively during summer conditions (July to 
August 2006) to describe the longitudinal patterns of fish assemblages and freshwater 
habitat (Fig. 2.1). There is a small dam upstream of the uppermost selected reach; therefore, 
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the study area covered a 30 km section of the middle and lower basin of the stream, but not 
the headwaters. The 10 reaches selected in this study may represent the accessible habitats 
for the anadromous S. salar entering the stream from the sea. 
 
Figure 2.1. Location of the Tea Stream and the stream reaches (●, sites studied with identification code) 
included in this study. Location of an Automated System of Information of Water Quality (SAICA) is also 
shown. 
Data collection  
To explore whether the water quality conditions of the studied stream are within the ranges 
of the European standards for salmonid waters, the levels of some physico-chemical 
variables (water temperature, conductivity, dissolved oxygen, pH, ammonia and discharge) 
that were monitored continuously during three complete years (2002, 2003 and 2007) were 
evaluated. These data were taken each hour from an Automated System of Information of 
Water Quality (SAICA), set up by the Spanish North Hydrographic Confederation (CHN). 
This continuous monitoring system is located in the middle basin of the Tea Stream, 
between the study reaches PARD and BAL (42°11’32’’ N; 8°30’4500 W) (Fig. 2.1). In 
addition, water samples from all reaches studied were taken once during summer 2006 to 
investigate the specific water conditions occurring during the study period. These water 
samples were collected in polypropylene bottles of 100 ml and kept frozen until their 
analysis in the laboratory. Then the following variables were analysed: nitrite, nitrate, 
phosphate, ammonia (Bran Luebbe Auto Analyzer; www.branluebbe.com) and silica 
(colorimetric method). Dissolved O2, pH, conductivity (corrected at 25° C) and water 
temperature were measured in situ at each sampling reach using portable meters (ORION 
model 115 for conductivity, THERMO ORION model 290 for pH, and WTW OXI 197 for 
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dissolved O2 and temperature; Orion Research; www.thermo.com). As these data were 
taken concurrently with fish sampling, they were used in subsequent analyses to explore 
fish–habitat relationships. 
Besides the physico-chemical variables, the freshwater habitat of the reaches studied was 
also characterized by measuring seven variables: substratum particle size, amount of woody 
debris, depth, current velocity, percentage of riparian canopy cover over the active stream 
channel, i.e. shade percentage, percentage of submerged aquatic vegetation and discharge. 
These variables have been chosen as the key determinants of habitat suitability for many 
fish populations, in particular for juvenile S. salar (Hendry & Cragg-Hine, 2003). A variant of 
the zig-zag pebble-count method (Bevenger & King, 1995) was used to collect these data. 
The selected reaches (70–352 m2) were subdivided in five equally separated diagonal 
transects. The method involves sampling along the diagonal lines recording the value of the 
different variables at fixed intervals. Substratum particle size was estimated by measuring 
the intermediate axis of 20 randomly collected rocks in each transect (n = 100 per stream 
reach). Depth measurements were also taken at the same spots. To estimate the mean 
current speed, three recordings of 1 min each were taken with a flow meter along each 
transect and then integrated as a mean (flow probe, model FP201; Global Water 
Instrumentation; www.globalw.com). Discharge was estimated as the product of cross-
sectional area and mean water speed. The percentages of woody debris and submerged 
vegetation were estimated visually at each transect, and riparian cover was estimated as the 
percentage of shading or concealment of the stream by vegetation calculated at each 
transect. Width of each stream reach was calculated as the mean of three width 
measurements (at the top, middle and bottom of the stretch). 
Macroinvertebrates were assumed to be the major food resource for predatory fishes in the 
Tea Stream, thus could potentially affect densities of the latter. To estimate 
macroinvertebrate abundance, five samples of benthic and drift macroinvertebrates were 
collected separately at each reach using quantitative methods (Surber net 0.09 m2 and mesh 
size 100 μm; drift net 0.08 m2 and mesh size 300 μm). After collection, samples were stored 
in 70% ethanol until they were processed in the laboratory. All individuals were identified 
to the lowest taxonomic level under ×57 magnification (Olympus SZX9; 
www.olympusmicro.com).  
Fishes were captured by electrofishing (see Appendix 1) using three successive passes 
without replacement and with a constant effort (DeLury, 1947). The electrofishing 
equipment consisted of a 1000 W generator with 230 V of alternating current, connected to 
a transformer to direct current (600 V). To ensure a closed population, the study reaches 
were blocked at their upper and lower boundaries with block nets (mesh size 7 mm2) 
secured to the streambed. All individuals captured were held in buckets with aeration and 
containing stream water at ambient temperature. Then, fishes were identified in situ to 
species and counted. The adipose fins of stocked S. salar had been removed in the hatchery, 
allowing wild and stocked S. salar to be distinguished. After the three passes, the individuals 
were returned to the stream. 
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Statistical analysis 
Two data matrices were constructed, one including fish densities and other the habitat 
related data. Fish densities were estimated by the highest weighted likelihood method 
(Carle & Strub, 1978), because its greater statistical power allows the use of deficient data 
sets caused by sampling limitations. Species were grouped in their respective families 
(Salmonidae, Cyprinidae, Anguillidae, Cobitidae and Petromyzontidae). Lampreys 
(Petromyzontidae) were eliminated from further analysis, because their abundance was 
always <0.5% of the total species abundances. Thus, the matrix consisted of the densities of 
four families: Salmonidae, Cyprinidae, Anguillidae and Cobitidae observed in each of the 
stream reaches studied. 
The distribution of fish assemblages along the study reaches was analysed by non-metric 
multidimensional scaling (NMDS) analysis, based on Bray–Curtis similarity index (Clarke & 
Warwick, 2001). Non-parametric mean comparison analyses (Mann–Whitney U-tests) of 
species richness and diversity (calculated by Shannon–Wiener diversity index), and 
parametric one-way ANOVA of fish densities were performed to contrast the observed 
groups of stream reaches. Then, the anadromous salmonid species, i.e. S. salar, were 
separated from resident species, i.e. S. trutta, and mean comparison analyses where 
performed to establish differences in the pattern of distribution of both salmonid species 
along the stream. 
A similarity percentage analysis (SIMPER) was performed to determine which fish species 
contributed most to the dissimilarity between groups of classified stream reaches (Clarke & 
Warwick, 2001). Moreover, to improve the reliability of the resulting ordination, fish data 
from previous summers (2004–2005) that were obtained using the same fish sampling 
methodology were analysed by NMDS. The resulting ordination was also contrasted by 
using Mann–Whitney U-tests and SIMPER on the densities of the different fish assemblages. 
All the stream reaches included in the 2004–2005 databases were located within the area 
delimitated by the 2006 reaches (Fig. 2.1). 
The habitat matrix included all chemical, geomorphological and biological data, which may 
potentially affect the distribution of the fish assemblages along the stream. First, a cluster 
analysis based on Euclidean distances was applied to obtain a classification of reaches based 
on their habitat-related variables. Second, the variability in the habitat characteristics along 
those reaches was analysed by indirect multivariate gradient analyses. A principal 
component analysis (PCA) was used to summarize global variation in all habitat-related 
variables and to identify the gradients in the aquatic habitat that better characterized the 
studied reaches. Prior to PCA analysis, redundant variables were eliminated by means of a 
Pearson’s rank correlation matrix. Variables were considered redundant when Pearson 
correlations between pairs of variables were >0.65, at a significance level of α <0.05. The 
variables selected were standardized (divided by the series’ maximum) before conducting 
the analysis. Ten of the 20 environmental variables initially measured were retained in the 
subsequent analysis. Parametric ANOVA was used to study differences in the values of the 
selected habitat-related variables among the resulting groups of stream reaches. 
To relate changes in fish assemblages with the variation of habitat characteristics along the 
stream reaches, a direct gradient analysis was performed. A preliminary detrended 
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correspondence analysis (DCA) run with all fish densities showed that gradient lengths 
were quite short (<2 S.D.), which indicated that linear responses to habitat-related variables 
may be exhibited by most species. Thus, linear models (PCA and redundancy analysis, RDA) 
were used rather than unimodal response models (Lepš & Šmilauer, 1999; Vehanen et al., 
2005). An RDA was applied to both fish densities and habitat data. First, the significance of 
the habitat-related variables used in the RDA analysis was assessed with a Monte-Carlo 
permutation test of F-ratios. Then, a second RDA was performed including only those 
variables selected, among all considered in the first RDA, as the best predictors (P <0.05). 
The individual effects of the selected variables were tested by carrying out partial RDAs and 
generalized linear models (GLM) procedures. Partial RDA assessed the percentage of 
variability in fish densities that can be explained by each of the selected habitat-related 
variables. The GLM (based on logistic regressions) was used to relate the effect of these 
explanatory variables on each fish species assemblages. The Akaike’s information criterion 
(AIC) was applied in the GLM approach to select the best models explaining fish–habitat 
relationships. CANOCO package ver. 4.5 (Ter Braak & Šmilauer, 2002) was used to conduct 
both gradient analyses. 
PRIMER software 6.1.5 (www.primer-e.com) was used to conduct cluster, NMDS and 
SIMPER analyses. Normality tests, mean and variance comparisons and correlation analyses 
were performed with the SPSS 14.0 software (www.spss.com). Prior to any ordination 
analyses, both fish densities and selected habitat-related data were square-root 
transformed when normality was not achieved. This weak transformation of data was 
chosen because of the low positive asymmetry of the variables (Guisande et al., 2006). 
Benthic macroinvertebrates data were log10(x + 1) transformed prior to analysis. 
RESULTS 
Fish species composition 
A total of 1204 fishes, belonging to nine species, were collected over the study period (Table 
2.1). The commonest fish species were S. trutta, European eel Anguilla anguilla (L.) and P. 
duriense, each occurring in 100% of the samples (Table 2.1). Wild S. salar appeared in 80% 
of the samples (Table 2.1). Loach Cobitis paludica (de Buen) only appeared in 50% of the 
samples, but accounted for 14% of the total fish densities (Table 2.1). Lamprey Petromyzon 
marinus L. was the rarest species, only appearing in 20% of the samples, being also the least 
abundant species, only accounting for <0.5% of total fish densities (Table 2.1). 
Fish species (S) ranged from four to nine species per reach (mean ± S.D.  across reaches = 7 
± 2; Table 2.2). Diversity (H’) values also varied among the studied reaches, ranging from 
0.66 to 3.10 (mean ± S.D. across reaches = 1.48 ± 0.85; Table 2.2). The NMDS analysis led to 
the aggregation of the 10 stream reaches into two distinct groups, according to the 
similarity of their fish assemblages: a midstream group and a downstream group (70% 
similarity threshold) (Table 2.2 and Fig. 2.2). Group 1 included midstream reaches (CAS, 
MER, TAT, FOX, BAL and PARD) while group 2 included the most downstream reaches 
(ROQ, PTEPAR, COR and MUI). The groups’ separation was supported by mean comparisons 
on species richness and diversity values (Mann–Whitney U-test, P <0.05) between 
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midstream (mean ± S.D., S = 6 ± 1 and H‘= 0.88 ± 0.15) and downstream reaches (mean ± 
S.D., S = 9 ± 1 and H’ = 2.37 ± 0.58; Table 2.2). The increase in the values of these variables in 
the downstream reaches was related to the higher number of cyprinid species (Table 2.2). 
Table 2.1. Mean densities, frequency of occurrence (number of reaches where the species appeared per 
total reaches) and relative abundance of each fish species captured across all the reaches sampled in the 
Tea Stream, Spain. 
 
Except for S. trutta densities, there were significant differences in the abundance of the 
other fish species between the two groups (ANOVA, F1,9, P <0.05), thus confirming a clear 
separation of the study reaches according to their fish composition [Fig. 2.3(a)]. In fact, the 
SIMPER analysis showed an average dissimilarity of 42.0% between the midstream and the 
downstream reaches. Anguilla anguilla (dissimilarity: S.D. = 1.7), cobitids (dissimilarity: S.D. 
= 1.7) and cyprinids (dissimilarity: S.D. = 2.4) were the fish assemblages most contributing 
to that dissimilarity (32.1, 30.8 and 19.5%, respectively), with higher densities in the 
downstream reaches [Fig. 2.3(a)]. Salmonids also made a significant contribution to the 
separation of the two groups of reaches (17.6%, dissimilarity: S.D. = 1.7). Within the 
salmonid guild, S. salar was the species with a higher influence for the group’s separation, 
with highest densities in the downstream reaches (ANOVA, F1,9, P <0.05). Salmo trutta, 
however, had no significant effect on the separation of the study reaches (ANOVA, F1,9, P 
>0.05) [Fig. 2.3(b)]. A 90% cutoff was applied for low contribution when running the 
SIMPER. Thus, only fish assemblages contributing up to that percentage were taken into 
account to explain the between-group dissimilarity. 
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Figure 2.2. Non-metric multidimensional scaling (NMDS) ordination of the 10 reaches (see Fig. 2.1) in 
the Tea Stream, Spain, according to their fish densities. Two groups of sites separated at a 70% 
similarity threshold are indicated: midstream (▲) and downstream (○) reaches. The NMDS is based on 
the Bray–Curtis similarity index. 
The NMDS of the 2004–2005 fish densities data also confirmed a clear separation between 
the midstream and the downstream reaches (58% similarity threshold) (Fig. 2.4). These two 
groups of stream reaches strongly agreed with those obtained in the ordination analysis 
made with the 2006 data. Only three of the 17 samples (reaches-year) included in the 
analysis did not fit the 2006 ordination. SIMPER analysis conducted on the 2004–2005 fish 
data showed an average dissimilarity of 54.8% between the two groups of stream reaches 
established. The fish assemblages that most contributed to this dissimilarity were salmonids 
(56.7%, dissimilarity: S.D. = 2.3), followed by the A. anguilla (23.7%, dissimilarity: S.D. = 1.3) 
and the cyprinids (13.8%, dissimilarity: S.D. = 0.9). Statistical analyses showed that S. trutta 
made no significant contribution to the separation of the stream reaches (Mann–Whitney U-
test, P >0.05), and that S. salar showed the highest contribution (Mann–Whitney U-test, P 
<0.05). 
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Figure 2.3. Mean ± S.D. densities of (a) the four dominant fish assemblages [Salmonidae (  ), 
Cyprinidae (  ), Anguillidae (  ), Cobitidae (  )] and (b) of Salmo salar (  ) and Salmo trutta ( ) 
observed in the two groups of stream reaches obtained from the non-metric multidimensional scaling 
(NMDS) ordination. The existence of significant differences is indicated by different lower case letters. 
Habitat characterization 
Mean ± S.D. annual conductivity in the Tea Stream was 40.3 ± 1.0 μS cm−2 and mean ± S.D. 
annual pH 6.18 ± 0.02. Mean ± S.D. annual water temperature was 14.0 ± 0.8° C, with 
maximum values in August to September (19.8 ± 1.5° C) and minimum during November to 
January (9.3 ± 0.4° C). Ammonia levels were low (0.009 ± 0.008 mg l−1), and levels of 
dissolved oxygen were high (9.6 ± 0.2 mg l−1), with maximum values in January to February 
(11.0 ± 0.1 mg l−1) and minimum in August to September (7.9 ± 0.4 mg l−1). Physico-chemical 
analysis of water samples showed that the values of the estimated variables satisfied 
European directive limits for salmonid waters (i.e. ammonia levels <0.04 mg l−1, nitrite <0.01 
mg l−1) (E. U., 2006). 
A cluster analysis of the stream reaches based on its habitat characteristics led to the 
aggregation of the stream reaches into two main groups, at one distance threshold. The first 
group included midstream reaches (CAS, MER, TAT and PARD) and the second one the 
downstream reaches (COR, ROQ, FOX and PTEPAR) (Fig. 2.5). Two stream reaches (BAL and 
MUI) were not included in either of these two groups (Fig. 2.5). The PCA carried out on the 
values of the selected variables identified four significant components (see Appendix 2), 
which together explained the 86.5% of the total variance existing among stream reaches. 
The first PCA component (accounting for 34.0% of the variance) had a negative loading for 
the woody debris, with an opposite loading for the discharge and densities of benthic 
macroinvertebrates values (Fig. 2.5). The second component (accounting for 22.2% of the 
variance) had a positive loading for the levels of dissolved oxygen, while percentage of fine 
particles, mean current speed and discharge had a negative effect on this component (Fig. 
2.5). Together, both axes described a longitudinal gradient in the freshwater habitat 
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conditions of the stream reaches (Fig. 2.5). Among these variables, the percentage of fine 
particles, amounts of woody debris, mean current speed and discharge drove the separation 
of the reaches into groups (ANOVA, F2,9, P <0.05). The midstream group of reaches was 
characterized by having the lowest discharge and mean flow speed values of the whole 
study stream reaches (Table 2.3). The downstream group was characterized by the lower 
amounts of wood and the highest discharges. The other two reaches (BAL and MUI) were 
mainly defined by the highest amounts of woody debris and percentages of fine particles, 
thus explaining their separation from the other stream reaches (Table 2.3). 
The reach groups identified from the ordination and classification analyses based on their 
habitat characteristics agreed to a great extent with that obtained previously based on the 
fish data. 
 
 
Figure 2.4. Non-metric multidimensional scaling (NMDS) ordination of the stream reaches (see Fig. 2.1) 
studied in 2004–2005 in the Tea Stream, Spain, based on their fish densities. Two groups of sites 
separated at a 58% similarity threshold are indicated: midstream reaches (▲) and downstream 
reaches (○). Symbols ○ and ▲ indicate the correspondence of the 2004 and 2005 reaches with the reach 
groups obtained from the 2006 ordination. 
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Figure 2.5. Principal component analysis (PCA) ordination diagram showing the position of the reaches 
(see Fig. 2.1) in the Tea Stream, Spain, in relation to the 10 selected habitat-related variables (see Table 
2.3). Three major groups result from the cluster analysis: 1 (●), 2 (▲) and 3 (■). Percentage of data 
variability explained by first and second axes and the loading of the habitat-related variables are also 
indicated in the figure. 
Fish-habitat relationship 
Monte-Carlo test of F-ratios identified three variables (dissolved oxygen, mean flow velocity 
and discharge) that significantly explained the spatial variability of the fish assemblages (P 
<0.05). Therefore, only those variables were included in a second RDA analysis. This 
analysis showed that the 90.1% of the fish assemblages’ variability could be explained by 
these three environmental variables. Monte-Carlo test (P <0.001, 1000 permutations under 
reduced model) gave the significance of the RDA analysis. 
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Partial RDA analysis conducted separately with the three selected explanatory variables 
showed that dissolved oxygen explained 29.1% of total variability of fish assemblages 
among the reaches (Fig. 2.6). Discharge and mean current speed explained only 14.3 and 
16.8% of total variability, respectively (Fig. 2.6). Within the remaining spatial variability 
observed, 29.9% resulted from the combination of these explanatory variables and only the 
9.9% was not explained by the selected variables (Fig. 2.6). 
The GLM conducted on the relationship between the densities of fish assemblages and the 
three selected environmental variables showed that densities of cyprinids and cobitids were 
best explained by the lower levels of dissolved oxygen (r2 = 0.84, F1,8, P <0.01 and r2 = 0.72, 
F1,8, P <0.01, respectively) found in the downstream reaches. Salmonids densities also 
increased significantly in the lower reaches and were related to higher levels of discharge 
(r2 = 0.65, F1,8, P <0.05). Anguilla anguilla densities were positively related to mean current 
speed (r2 = 0.77, F1,8, P <0.01), lower levels of dissolved oxygen (r2 = 0.42, F1,8, P <0.05) and 
higher discharges (r2 = 0.42,  F1,8, P <0.05). 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6. Venn diagram showing the partitioning of the 
variability of the fish species data obtained in the Tea 
Stream, Spain, into the three significant environmental 
variables used in the RDA analysis. 
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DISCUSSION 
Independent of river latitude, the general pattern observed in freshwater fish assemblages 
at the local scale supports the existence of a longitudinal gradient with downstream 
increases in species richness, density and biomass (Horwitz, 1978; Schlosser, 1982; 
Angermeier & Schlosser, 1989; Oberdorff et al., 1995; Santoul et al., 2005). A comparable 
downstream increase in species richness and diversity was clearly observed in the Tea 
Stream. This longitudinal pattern was mainly explained by the addition of cyprinid species 
in the downstream reaches, as typically occurs in unaltered rivers dominated by cyprinid 
species (Mitchell & Cunjak, 2007). 
Streams with a significant presence of salmonid species often have a characteristic 
allopatric distribution of their fish assemblages, with low species overlap (De la Hoz Franco 
& Budy, 2005). Thus, a longitudinal pattern of species replacement is more frequent in these 
streams, with salmonid species typically dominating the upstream reaches and the species 
composition progressively changing to cyprinid species downstream (Inoue & Nakano, 
2001; Mitchell & Cunjak, 2007). Accordingly, the midstream reaches of the Tea Stream were 
dominated numerically by S. trutta. The densities of S. trutta, however, were maintained in 
the downstream reaches, where a clear increase in the densities of S. salar, anguilid, 
cyprinid and cobitid species was noted. 
Numerous studies have focused on elucidating the interactions between the two salmonid 
co-generic species, S. salar and S. trutta, observed in the Tea Stream (Heggenes et al., 1999; 
Armstrong et al., 2003). In fact, many of the studies describing patterns of distribution of 
these species at spatial scales smaller than the reach showed clear habitat segregation 
between both species (Heggenes & Saltveit, 2007). In this study, the focus was on the 
longitudinal scale of distribution, demonstrating that the downstream reaches of the Tea 
Stream showed a clear overlap between the distributions of S. salar and S. trutta. As 
suggested in other studies (Heggenes et al., 1999, 2002), further research should be 
advisable in the Tea Stream to determine the degree of habitat fragmentation existing 
between both species within downstream reaches. 
Many studies have attributed this pattern of a downstream increase in diversity and 
densities to the increase in habitat carrying capacity that generally occurs in the 
downstream reaches (García de Jalón et al., 1996). Other studies support the hypothesis of 
an increase of habitat heterogeneity and stability in the lower reaches (Capone & Kushlan, 
1991; Reyes-Gavilán et al., 1996). Besides these hypotheses, the proximity of the studied 
tributary to the main river channel (the Miño River) may favour the representation of 
species coming from the main river, but which do not advance longer distances upstream in 
the tributary (Mitchell & Cunjak, 2007). Thus, this fact may have to be taken into account to 
explain the high species diversity observed in the downstream reaches of the Tea Stream as 
well as the particular fish species distribution observed along the stream. 
Fish–habitat relationships have been reported in several studies (Lamoroux et al., 1999; 
Godinho et al., 2000; Magalhães et al., 2002; Smith & Kraft, 2005; Humpl & Pivnička, 2006; 
Ferreira et al., 2007). In the Tea Stream, the distribution of fish assemblages observed 
during summer conditions responded to a longitudinal gradient in the levels of dissolved 
oxygen, discharge and water speed, which agrees with the results reported in other studies 
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on the distribution of fish communities (Feyrer & Healey, 2003; Petry et al., 2003; Mesquita 
et al., 2006; Sagawa et al., 2007). The influence of the discharge and its associated factors, 
such as current speed or depth, in structuring fish communities has been shown in many 
studies (Horwitz, 1978; Allan, 1995; Godinho et al., 2000; McGarvey & Ward, 2008). In fact, 
discharge appeared as the best environmental predictor explaining the longitudinal pattern 
of distribution of the salmonids in the Tea Stream, with densities increasing downstream, as 
the levels of discharge increased.  
Although many studies have reported a clear effect of temperature on structuring fish 
community in salmonid rivers, both at local and geographical scale (De la Hoz Franco & 
Budy, 2005; Béguer et al., 2007; Mather et al., 2008), this factor did not explain changes in 
the fish community along the restocked area of the Tea Stream during summer. This result, 
however, must be discussed with caution because the temperature data used in this study 
only reflect the conditions from one summer and did not take into account inter-annual or 
seasonal variations. Similarly, water quality is known to have a direct effect on the survival 
of fish assemblages (Coghlan & Ringler, 2005). According to the standards of the EU 
directives for salmonid waters (Hendry & Cragg-Hine, 2003), all the studied reaches on the 
Tea Stream had a good water quality during summer conditions (temperature <25° C; pH = 
6–9; nitrite <0.01 mg l−1; ammonia <0.04 mg l−1), thus human contamination was not 
expected to be a potential factor affecting the distribution of fish assemblages along the 
stream. 
Several studies have showed that the distribution of the juveniles of S. salar is related to the 
amount of suitable food resources, selecting patches with greater densities of 
macroinvertebrates (Wankowski & Thorpe, 1979; Kilgour & Barton, 1999; Boisclair, 2004). 
No significant effect of the densities of macroinvertebrates, however, was shown when 
explaining the distribution of this species within the restocked area of Tea Stream during 
summer. Therefore, food resources may not be a limiting factor for the success of the 
restocking populations of S. salar in the studied stream. 
The most remarkable result obtained from this study emphasizes the existence of a clear 
longitudinal pattern in the fish assemblages and aquatic habitat conditions in the restocked 
area of the Tea Stream. Moreover, the resulting ordination of the stream reaches 
(midstream vs. downstream group) provided in this study will facilitate the development of 
further research on the relationships between restocked S. salar success and habitat 
characteristics. For example, this ordination may be useful for water managers when 
assessing the habitat requirements of S. salar in this stream and in the development of 
restocking methodologies in accordance with them. Any restocking plan should be preceded 
not only by a study on the real need of intervention but also on the potential of the river to 
sustain the hatchery reared released population and its possible effects on wild populations 
(Caballero & García, 2004). 
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CHAPTER 3 
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Trophic variability in a stream longitudinal gradient: Evidence from 
gut contents and stable isotope analysis  
Abstract  
Stable isotope analysis (SIA) has been demonstrated to be a powerful tool for the study of 
trophic ecology issues. However, in rivers, the spatio-temporal natural isotopic variability 
may obscure the use and interpretation of results when applying this approach. In this 
study, we analysed the longitudinal isotopic variability, changes in trophic structure and 
potential limitations in the use of SIA, along the Tea Stream (Galicia. NW Iberian Peninsula). 
Gut content analyses (GCA) and δ13C and δ15N ratios for major food web components, were 
evaluated in replicate samples at 6 reaches along its mid-downstream gradient. Regressions, 
parametric mean comparisons and a qualitative examination of data, showed a general 
tendency to higher variability in δ13C than in δ15N for major food web components along the 
stream gradient. Besides, autochthonous basal resources exhibited higher δ13C variability 
that allochthonous ones. A clear decreasing pattern in δ13C was observed for periphyton 
towards the stream mouth, which was extensive to both primary and secondary consumers 
in the stream. All analyses indicated periphyton as the most probable resource fuelling food 
webs in the studied stream length, although alder leaves also exhibited a significant 
contribution. In general, omnivory and generalist diets dominated feeding strategies 
according to mixing models. Inadequately considered fractionation, levels of taxonomic 
resolution and scale, were potential sources of uncertainty that would lead to erroneous 
conclusions for the studied system. Moreover, the importance of combining GCA and SIA 
was proved, allowing better interpretation of trophic interactions in the stream. 
Furthermore, results of the present study showed high inter-annual variability even at short 
time periods, highlighting the need of considering temporal variability in trophic studies. 
Besides, it also stresses the need to avoid pooling of data from different stream reaches, or 
the use of reach scale results when extrapolating to the whole river length. Results were 
discussed in relation to possible applications related to fish management. 
 
Keywords: stable isotopes; gut content; food web; Atlantic stream; trophic interactions. 
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INTRODUCTION 
Understanding nutrient and energy transfer pathways, as well as trophic relationships 
within ecosystems has long been a major concern in ecological research (DeAngelis, 1992; 
Polis & Winemiller, 1996; Finlay, et al. 2010). Rivers are highly dynamic and complex 
systems subject to several sources of variability, considering both biotic and physico-
chemical conditions, and spatio-temporal scales (Dollar et al., 2007). The assessment of 
natural or human induced environmental variations within a given ecosystem is essential, 
and not considering it may difficult the understanding of ecological interactions (Finlay et 
al., 2010; Chouvelon et al., 2012). However, little attention has been paid to trophic 
variability along fluvial gradients, being this bias specially marked for small streams 
(Woodward & Hildrew, 2002). 
According to one of the most traditional freshwater functional concepts (River Continuum 
Concept, RCC), both physical conditions and biotic communities change predictably along 
fluvial gradients (Vannote et al., 1980). As numerous studies stated, this concept suggests 
the existence of spatial variations in the importance of autochthonous vs. allochthonous 
production from headwaters to mouth (March & Pringle, 2003; Lau et al., 2009; Kobayashi 
et al., 2011). This fact would be favoring also spatial variations in the existing communities 
of consumers (Vannote et al., 1980). Thus, this conceptual framework is directly applicable 
to trophic research, as food web structure and resource-consumer relationships may vary 
longitudinally because of the above mentioned changes. There is also a lack of information 
when considering temporal trophic changes within rivers (Woodward & Hildrew, 2002). 
Although few studies assessed seasonal differences in river food webs (e.g., Zah et al., 2001; 
Dekar et al., 2009; Kobayashi et al., 2011), inter-annual differences were even less explored 
(Woodward & Hildrew, 2002). This spatio-temporal variability may represent a challenge to 
freshwater resource managers when developing conservation and management measures, 
and may lead to unsuccessful actions. Furthermore, the importance of the scale of study is of 
relevance when examining trophic dynamics (Woodward & Hildrew, 2002) and it should 
represent the variability inherent to the studied ecosystem (Dekar et al., 2009). Research 
efforts exploring trophic variability within a given river are needed before extracting any 
general trophic pattern. This assessment would provide appropriate scales for food web 
studies, and may have implications for ecosystem management when trophic dynamics play 
any role. 
On the last decades Stable Isotope Analysis (SIA) had emerge as a powerful tool to evaluate 
trophic dynamics, and in combination with traditional Gut Content Analysis (GCA) it could 
offer a high level of resolution for solving trophic issues (e.g., Jones & Waldron, 2003; Fry, 
2006). Based on the assumption that consumers increase its δ13C and δ15N contents in a 
predictable way with respect to their diet, SIA could give valuable information on the 
sources of organic C assimilated by consumers and on its trophic levels (Peterson & Fry, 
1987). Thus, these analyses are also useful to characterize spatio-temporal variations in 
resources use and food web structure (see in example Gido et al., 2006 or Winemiller et al., 
2011). However, for these tools to be properly applied in this sense, the natural isotopic 
variability inherent to a given trophic component should also be considered to effectively 
separate its effect from real spatio-temporal variations (Lin et al., 2007). Besides there are 
also other factors that could mask results in SIA, such as the level of taxonomic resolution 
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considered, ontogenetic trophic shifts, the applied fractionation factors… Therefore, as 
stated in Chouvelon et al. (2012) defining the limits of SIA prior to its use and to extract 
ecological conclusions from them, is vital for a successful application of this tool. 
Conservation of fish communities is a very complex issue, and any activity on this sense 
should be preceded of a deep knowledge on the systems occupied by fish. Moreover, 
implications for the management of different fish are often extrapolated from SIA (see in 
example Gido et al., 2006). Atlantic salmon (Salmo salar L.) is a highly endangered fish 
throughout the world (WWF, 2001; Hendry & Cragg-Hine, 2003) and efforts to conserve this 
specie often include stocking activities in rivers (Aprahamian, et al. 2003; Jonsson & 
Jonsson, 2006), as the Tea Stream. A deep ecological understanding of the stream conditions 
and ecological processes in summer (when stocking is often carried out), may have direct 
implications for the improvement of these practices. Previous studies have documented 
changes in fish (Costas et al., 2009) and invertebrate (Costas et al. unpublished data) 
assemblage’s composition and diversity along the fluvial gradient of the Tea Stream. 
However, food web studies in this stream are inexistent and SIA have not been conducted 
for its biotic communities. 
Parting from this general perspective and considering that scaling may have implications on 
the fields of investigation that could be approached when evaluating freshwater ecosystems, 
the main objectives of this study were: i) Assess spatio-temporal variations in stable isotope 
signatures of several representative trophic components in the Tea Stream. ii) Considering 
this variability, the second objective was to develop a first approximation to the stream 
trophic structure. As partial objectives we analysed the effect of the fractionation and 
taxonomic levels considered. Besides, ontogenetic variability and differences between short 
and long term (GCA vs. SIAR) diet analyses for fishes were also evaluated. 
MATERIALS AND METHODS 
Study site 
The present study was conducted in July 2010 in the Tea Stream, a mid-sized tributary of 
the Miño River (Galicia, NW Iberian Peninsula). The stream length is about 54 km, draining a 
catchment area of 350 km2. Its tree community is dominated by black alder (Alnus glutinosa 
(L.) Gaertn.), ash (Fraxinus angustifolia Vahl.) and willow (Salix atrocinerea Brot. and Salix 
salvifolia Brot.). Young oak groves (Quercus robur L. and little patches of Quercus pyrenaica 
Willd) can also be found. Besides, since 1995 the Tea Stream has been part of a conservation 
programme for Atlantic salmon (Salmo salar L.) (Saura et al., 2006), being subjected to 
several stocking procedures. 
Six sites were sampled along the longitudinal axis of the stream, covering its midstream and 
downstream reaches. The distance between the upper and lower study reach was about 30 
km. A more detailed description of the habitat and fish communities of all selected reaches 
could be found in Costas et al. (2009). 
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Sample collection 
Replicate samples of the commonest taxa representing all trophic levels and potential C 
sources (Table 3.1) were collected at each study reach in July 2010. Seven food web 
components were considered: seston, periphyton, stream-conditioned leaves, macrophytes, 
bryophytes, invertebrates and fish. 
Seston samples were taken by filtering 10 l of surface stream water on pre-combusted 
Whatman GF/F glass fiber filters (0.7 µm). Rocks with visible biofilm were rinsed to remove 
invertebrates and loose FPOM, and attached periphyton was scraped using a toothbrush and 
distilled water. Resultant suspension was filtered on GF/F filters. Macrophytes, bryophytes 
and conditioned leaves (from depositional areas) were qualitatively sampled by hand, 
vigorously washed to remove invertebrates and detritus, and stored in plastic bags. Five 
samples of each mentioned basal resource were collected per reach. 
Invertebrates were collected by repetitive kick net sampling (250 µm), covering all habitats. 
Live invertebrates were sorted to family (except for Oligochaeta, Hydracarina, pupae and 
nymphs) and stored in polyethylene vials. Trichopterans were removed from their cases. 
Five samples from visually dominant taxa (each consisting of a pool of individuals, as 
required to obtain sufficient biomass for stable isotope analysis) were taken by reach. 
Besides, a single sample consisting of all individuals captured in all kicks was taken for less 
dominant taxa. Fish were captured by electrofishing. Each selected individual was measured 
for total length (mm) and weight (g), sacrificed by hypothermia in ice and stored in plastic 
bags. Different size categories were considered for salmonids and anguillids (Table 3.1). 
Five samples per fish category and reach were taken, with a minimum of 3 if a given 
category was underrepresented. 
All collected samples, properly labelled, were kept in ice in the field and stored frozen at -
25° C in the laboratory. Complementary data collected in two preliminary studies that used 
the same sampling and laboratory methodologies in the same stream during summer of 
2006 and 2007, were also available for some trophic groups (i.e., 2006: some fishes, 
invertebrates and basal food sources; 2007: some basal food sources and invertebrates) (see 
Appendix 3). 
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Sample processing 
Stable isotope analysis (SIA) 
Once thawed, samples of seston, periphyton, macrophytes, bryophytes and leaves were 
examined under a binocular microscope to ensure no contaminant was present. Gut 
contents of invertebrates were removed, to avoid interference in isotopic signals. A small 
portion of white muscle tissue of each fish was removed from the area posterior to the 
dorsal fin and above the lateral line (Clarke et al., 2005). Fish digestive tracts were extracted 
by dissection and preserved for later gut content analysis (GCA). 
Samples were oven dried for 48h at 60° C and ground to powder with a mortar and pestle, 
excepting for seston and periphyton. To facilitate sample analyses, small disks from seston 
and periphyton filters were cut with a cork borer, keeping together disks corresponding to 
the same filter. As lipid content may affect 13C signatures (Kling et al., 1992), a lipid 
depletion treatment was applied to fish muscle samples prior to SIA. Each powdered sample 
was repeatedly washed on a methanol:chloroform:water solution (based on Bligh & Dyer, 
1959 guidelines) and final pellets were dried and ground again (see Appendix 4). Until SIA, 
all samples were stored within a dessicator in sterile polyethylene vials properly labelled. 
Samples were submitted for %C, %N, δ13C and δ15N analysis to the Servicios de Apoio á 
Investigación (SAI), University of A Coruña. Measurements were performed with a Finnigan 
MAT-DELTA plus isotope ratio mass spectrometer, coupled to a Thermo Finnigan Flash 
EA1112 elemental analyser by a ConFlo II interface. Isotopic data are presented as delta (δ) 
notation, and represent the permille (‰) deviation of the isotopic ratio of a given sample 
from that of the recognized standard (PeeDee Belemnite for 13C and atmospheric N2 for 15N). 
Calculated by equation: 
δ13C and δ15N = (Rsample/Rstandard – 1) x 1000 
where Rsample  and  Rstandard are the 13C:12C or 15N:14N of the sample and of the standard, 
respectively. Calibrations were made with reference material from the International Atomic 
Energy Agency in Austria (IAEA). One measure per independent replicate was made. The 
internal analytical precision was 0.06‰ and external analytical precision was 0.15‰. 
Gut content analysis (GCA) 
Preserved fish gut contents were removed and examined under a binocular microscope 
(Olympus SZX9). The items found were counted, weighed to the nearest 0.001 mg (Sartorius 
micro-M2P scale microbalance) and identified. 
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Statistical analysis 
Stable isotope analysis (SIA) 
Biplots of δ13C and δ15N values were created to have an initial qualitative approximation to 
the food web structure and patterns of isotopic variation, within and across reaches along 
the Tea Stream. 
Parametric mean comparison models, followed by post-hoc tests, were used to: 1) evaluate 
food web spatial changes, by testing for isotopic differences on each basal resource or 
consumer between reaches, 2) evaluate site-specific trophic patterns, by testing for isotopic 
differences among taxa within a reach, 3) evaluate the isotopic consistency through time, by 
comparing δ13C and δ15N values among years, and 4) compare isotopic data of trout and eel 
between sizes. Linear regression analyses were also used to further assess the mentioned 
longitudinal and ontogenetic patterns. Prior to any analysis, data were evaluated for 
normality and homoscedasticity. When equality of variances was achieved 1-way ANOVA, 
followed by Tukey’s HSD post-hoc tests were applied. If this requirement was violated, 
ANOVA significance was corrected by Welch test, followed by Games-Howell post-hoc tests 
for samples with unequal variances. Parametric analyses were performed with the SPSS 
15.0 software for Windows. 
Gut content analysis (GCA) 
To appropriately describe diet composition and importance of each prey for each fish 
category, an index combining prey weight, abundance and presence data (Ortaz et al., 2006) 
should be applied. The Index of Relative Importance (IRI) and its percentage (%IRI) (Cortes, 
1997; Cortes, 1998) provide an optimal balance among these three components (Liao et al. 
2001): 
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Frequency of occurrence (Fi) and percent abundance by number (%Ai) and weight (%Wi), 
were calculated according to the following equations: 
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where Ni = number of fish of a given group with prey i in their stomach, N = total number of 
fish of the same group with stomach contents of any kind, Si = stomach content (in number 
or weight) comprised by prey item i and St = total stomach content for all prey taxa in the 
entire group. 
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Resource Partitioning 
The ranges of relative contributions of potential food resources to consumer’s diets were 
evaluated with a Bayesian isotope mixing model (Stable Isotope Analysis in R, SIAR) (Inger 
et al., 2010; Parnell et al., 2010). There are several criticisms for mixing models, mainly 
based on data uncertainty (Phillips & Gregg, 2001; Caut et al., 2009). However, recent 
Bayesian approaches are able to incorporate both isotopic signatures and fractionation, and 
the uncertainty related to it (Moore & Semmens, 2008; Parnell et al., 2010). We also 
incorporated elemental concentrations to our models (Phillips & Koch, 2002). It was also 
evidenced that fractionation factors would be specific for each combination of tissue, 
consumer and diet, as well as it would be affected by the environment (Caut et al., 2009). 
Thus, to generate our models, we calculated specific fractionations for fishes and 
invertebrates, based on data of several studies compiled by Caut et al. (2009). Using data 
from those studies developed on fish muscle samples we calculated a mean fractionation 
factor of 3.2 ± 1.4‰ for δ15N and 1.8 ± 0.8‰ for δ13C. While for invertebrates it resulted to 
be 2.5 ± 2.3‰ for δ15N and 0.3 ± 2.1‰ for δ13C. 
To quantify the extent to which fish diets in the studied period reflected its long-term diets, 
results of GCA and SIAR were contrasted. When the use of SIAR for a given consumer was 
not possible because it was not enclosed within the polygon (convex hull) defined by the 
isotopic data of its possible resources (considering corresponding fractionations), gut data 
were used to identify possible biases in resource collection (i.e., omitting important basal 
resources or preys). As only dominant resources in the reaches (n ≥3) (Table 3.1) were 
included in models, other less represented (n = 1) were also taken into account to evaluate 
possible biases. Mixing models and convex hulls were fitted with R 2.14.2 software. 
RESULTS 
A total of 732 samples were collected from the 6 study reaches for the SIA and GCA: 287 
samples corresponded to fish, 294 to invertebrates and 170 to basal food resources. 
However, for the statistical analysis of SIA data, the number of samples slightly decreased 
after an outlier identification and elimination process (Table 3.1). 
Longitudinal isotopic variations 
Significant isotopic differences among reaches were found, both for basal resources and 
consumer taxa (ANOVA: majority P <0.05) (Table 3.2). For invertebrates this fact was also 
observed at the group level (ANOVA: δ15N primary consumers F5,144 = 35.853, P = 0.000; δ15N 
predators F5,120 =57.958, P = 0.000;  δ13C primary consumers F5,144 = 55.145, P = 0.000; δ13C 
predators F5,120 = 204.190, P = 0.000). There were some exceptions to this general pattern. 
Alder leaves showed high δ13C consistency along the stream (ANOVA, F5,24 = 1.373, P = 
0.269; Linear Regression R2 = 0.000, P = 0.993) (Table 3.2 and Fig. 3.1) and post-hoc tests 
also demonstrated that only one reach differed in terms of its δ15N (Tukey’s HSD tests, COR 
vs. Rest reaches: all P <0.05). δ15N signatures found for Iberian nase and small eels and δ13C 
signatures for gudgeon, were also constant along the Tea Stream. 
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Table 3.2. ANOVA results evaluating inter-reach differences for the food web components collected 
along the Tea Stream. Only those reaches presenting at least 3 replicated samples for a given component 
were considered in the analysis. Those significances corrected by Welch tests are indicated in brackets. 
The meaning of the abbreviations of food web components are shown in Table 3.1. 
 
 
 
 
 
 
 
 
 
 
 
 
Regression analysis contrasting isotopic signatures against proximity to the stream mouth 
also corroborated this high isotopic variability along the stream. In general, δ13C values of 
basal resources tended to decrease with proximity to the mouth, while its δ15N values 
exhibited higher variability (increasing trend for alder and Oenanthe, decreasing trend for 
seston and no trend for periphyton (Fig. 3.1). Accordingly, invertebrates also exhibited δ13C 
decreasing patterns (primary consumers R2 = 0.574, P = 0.000; predator invertebrates R2 = 
0.828, P = 0.000), while weak or no longitudinal variations on its δ15N signatures were found 
(primary consumers R2 = 0.003, P = 0.529; predator invertebrates R2 = 0.014, P = 0.191). 
Trends observed at the invertebrate group level were again found for independent taxa (Fig. 
3.1). Most fish regressions showed significant and strong decreasing patterns for δ13C (Fig. 
3.1). Wild salmons (100-150 mm) were the only fish exhibiting a relatively strong δ15N 
decreasing tendency along the stream (R2 = 0.543, P = 0.002) (Fig. 3.1). 
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Within-site isotopic features 
With independence of the observed longitudinal variation, alder leaves were the most δ15N 
depleted basal resource at all sites (Table 3.1, Fig. 3.2), dominant macrophytes at each reach 
showed the highest or nearly highest values (Table 3.1, Fig. 3.2) and periphyton and seston 
were in an intermediate position (Table 3.1, Fig. 3.2). Differences in δ15N between these two 
last resources tended to increase along the stream (Table 3.1, Fig. 3.2). For δ13C, periphyton 
was the most enriched resource in midstream reaches (CAS, TAT and BAL), while in the 
downstream ones (ROQ, PTEPAR and COR) it was seston (Table 3.1, Fig. 3.2). The most δ13C 
depleted resource was highly variable depending on the reach (Table 3.1, Fig. 3.2). Although 
within-site analyses showed significant isotopic differences for basal resources at the reach 
level (ANOVA: all P <0.05), a given resource often overlaps with others (Tukey’s HSD tests). 
However, overlapping pairs varied with reach and in general, considering both isotopes in 
combination, autochthonous resources could be significantly separated from allochthonous 
ones (leaves from riparian trees). 
Mean δ13C signatures from most invertebrates were within the range of basal food 
resources (Fig. 3.2). On its part, δ15N was more variable, and depending on the considered 
reach its values were within the range of basal resources (PTEPAR, COR), were higher than 
basal resources for most invertebrates (CAS, ROQ, TAT) or higher- mainly for predators 
(BAL) (Fig. 3.2). Except for δ13C in ROQ (t-test, P = 0.755), isotopic values for invertebrate 
predators were always higher than those for primary consumers (t-tests: all P <0.05) (Fig. 
3.2). 
Within-site analyses also showed a significant effect of fish category for both δ15N and δ13C 
values at each study reach (ANOVA: all P <0.05). However, there was a tendency for this 
effect to be caused only by differences among a small number of categories (Tukey and 
Games-Howell post-hoc tests). PTEPAR was the reach with the highest δ15N variability 
(Tukey and Games-Howell post-hoc tests), while for δ13C it was BAL. The difference between 
the most δ15N enriched fish and the most depleted one within a reach, ranged from 1.1 ‰ in 
CAS and TAT to 4.0‰ in PTEPAR (Fig. 3.2). For δ13C, this range was between 0.7‰ in 
PTEPAR and 4.8‰ in BAL (Fig. 3.2). 
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Figure 3.1. Linear regression analysis for those food web components present in more than 2 reaches 
along the Tea Stream. Independent variable = distance to stream mouth. Dependent variables = δ15N 
and δ13C signatures. Both R2 and significance (P) of each regression are indicated. Increasing (+) or 
decreasing (-) longitudinal patterns with proximity to the mouth are shown. The abbreviations of food 
web components are shown in Table 3.1. 
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Figure 3.2. Biplots of mean δ15N and δ13C signatures of fishes (●), primary consumer invertebrates ( ), 
predator invertebrates ( ) and basal food resources ( ) collected at each of the 6 study reaches along 
the fluvial gradient of the Tea Stream. Dashed lines indicate the range of isotopic signatures for basal 
resources at each reach. 
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Temporal isotopic variations 
From the 6 studied reaches only 4 were also sampled in previous pilot studies (Table 3.3). 
Significant temporal differences were observed for the isotopic signatures of those food web 
components collected in 2010 and at same time in one or both pilot studies (Table 3.3). 
With some exceptions, both leaves and macrophytes showed lower δ15N values in 2006 than 
in 2010, while its δ13C values were comparable for both years (Table 3.3). Periphyton 
showed highest δ15N and δ13C values in 2006, while in 2007 and 2010 levels were similar 
(Table 3.3). Seston exhibited a higher temporal variability and it was not possible to 
conclude in any general trend (Table 3.3). Salmonids tent to have higher δ15N values in 2006 
than in 2010 (except in ROQ), while anguillids showed similar values for both years (Table 
3.3). The highly variable results found for δ13C make difficult to extract any temporal trend 
for this isotope, nor within reaches or between fish categories (Table 3.3). Similarly, for 
invertebrates, years showing maximum and minimum isotopic values varied considerably 
depending both on the considered taxa and reach (Table 3.3). 
 
Table 3.3. ANOVA results evaluating inter-annual differences in δ15N and δ13C ratios for those food web 
components collected in 2010 (10) and also in one or both pilot studies (06 and 07), and presenting at 
least 3 replicated samples per reach. Meaning of abbreviations in Table 3.1. Significant results at * P 
<0.05 or ** P <0.01. Those analyses with significances corrected by Welch tests are indicated in bold. 
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Ontogenetic isotopic variations 
While regression analyses contrasting δ15N and δ13C against trout and eel length at the 
stream scale showed no ontogenetic isotopic change (all R2 <0.1), those analyses made at 
the reach scale showed some strong and significant relationships. For eel there was no 
significant effect for δ15N in any reach, while its δ13C values tended to increase with eel size 
in two reaches (BAL R2 = 0.497, P = 0.003; ROQ R2 = 0.448, P = 0.006). Except for ROQ and 
COR (R2 <0.1), trout exhibited increasing δ15N levels with increasing size (all R2 >0.4, P 
<0.01), while higher variability was found for δ13C. A significant but weak δ13C depletion 
pattern with increasing size was found in CAS (R2 = 0.273, P = 0.038), while an opposite 
trend was found in BAL (R2 = 0.268, P = 0.048), ROQ (R2 = 0.708, P = 0.000) and COR (R2 = 
0.589, P = 0.010). 
Fish gut contents  
A total of 64 food resources were identified from gut contents, it included 53 aquatic 
invertebrate taxa (mostly identified to family), unidentified fish material, nymphs, pupae, 
imagos, egg-clutches, terrestrial preys, leave material, woody material, unidentified 
vegetable material, and organic and mineral matter. 
Diet composition per fish category during the study period also showed highly site-
dependent patterns, as it is reflected by the importance index (%IRI) results (Table 3.4). 
However, some noticeable features could be extracted: Chironomidae was one of the 
commonest food resources for fish in the stream, being represented (%IRI >5%) in the diet 
of most fish categories. Besides, its importance was greater in downstream reaches. It was 
especially remarkable the high importance that this resource showed for the diet of some 
cyprinid and cobitid species (Table 3.4). On its part, mid-sized (100-150 mm) trouts were 
highly dependent on terrestrial preys (Table 3.4). Similarly, the biggest trouts (>150 mm) 
exhibited the same pattern for Aphelocheiridae consumption. In other hand, as %IRI was 
not obtained for those uncountable food resources found in guts (woody, vegetal and leave 
material, and organic and mineral matter), because it was not possible to calculate its %Ai, 
its importance was extrapolated from %Wi and Fi results. According to these data the 
importance of organic matter for Iberian nase, red roach and chub, was significant (%Wi 
>5% and Fi >50, for most study reaches). The importance of vegetable material for Iberian 
nase in midstream reaches was also remarkable. GCA results showed salmonids and 
anguillids as predatory fishes, while cyprinid and cobitid species exhibited omnivorous 
feeding strategies. 
Fish resource partitioning 
The high isotopic variability found at the studied temporal and spatial scales in most 
consumers along the stream, leads to perform food contribution analyses from a site by site 
perspective. Besides, although some food resources overlapped on its isotopic values, all 
them differed in terms of %C and %N. Thus, given the importance that %C and %N also 
have for an accurate estimation of the contribution of particular sources to a mixture 
(Phillips & Koch 2002), all potential food resources were treated independently for SIAR. 
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Several consumers (both fish and invertebrates) did not fall within the convex hulls implied 
by its possible resources at each reach, and it was not possible to apply SIAR models to 
them. However, in all cases if non-replicated resource samples were considered when 
elaborating hulls, the number of consumers comprised would increase (although SIAR 
continue not to be possible, because it is still necessary to add S.D. in the models, and we 
decided not to assume any for not-replicated samples). To assess whether this high 
consumer exclusion was due to the considered fractionation factors (different for fish and 
invertebrates), we also constructed hulls applying instead two of the commonest 
fractionation factors used in isotopic trophic studies, independently of our consumer 
categories (3.4 ± 1.0‰ for δ15N and 0.4 ± 1.3‰ for δ13C, Post 2002). Results showed even 
less consumers within the hulls than when using our considered fractionations. 
Furthermore, some important prey items (extracted from GCA) were not collected for SIA 
(Table 3.4) and thus were not considered neither when constructing convex hulls nor 
carrying out mixing models (i.e., terrestrial preys in all reaches…). Consumers for which 
SIAR models were applied and contributions of possible food resources to its diets are 
shown in Table 3.5. 
According to mixing models none of the analyzed primary consumers depend solely and 
clearly on a given basal resource (Table 3.5). Although at each reach one or two resources 
showed relatively great mean contributions to the diet of a given invertebrate, 95% 
credibility intervals showed very wide contribution ranges (Table 3.5). Considering those 
resources with the lower component of the credibility interval up to 0.0 some 
generalizations could be extracted. Periphyton in the midstream reaches and alder leaves in 
all reaches seemed to be the most important basal resources for primary consumers in the 
Tea Stream (Table 3.5). Periphyton showed a 24.9 ± 5.6 mean contribution to the diet of 
evaluated primary consumers across reaches (range of minimal-maximal contributions; 1.5 
± 3.1/46.4 ± 10.0), while mean contribution of alder was 23.3 ± 7.4 (range of minimal-
maximal contributions; 3.9 ± 5.0/41.9 ± 9.9). 
In contrast to GCA, SIAR results showed generalist feeding strategies for all fish categories. 
Besides, some important preys (according to GCA) had lower contributions in SIAR (i.e., 
Aphelocheiridae for big trouts, Ephemerellidae and Hydropsychidae for different fish…) 
(Tables 3.4 and 3.5). Even though integrated long term diets in fish muscle indicated 
generalist feeding, during the studied period there was some selective predation over 
certain food resources. However, dietary contribution of some important preys according to 
GCA (Table 3.4) could not be evaluated with SIAR for some reaches, because they were less 
represented. 
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Table 3.5. Results of SIAR analyses for those consumers (A = Primary consumers, B = Omnivorous fish, C 
= Predatory fish) comprised by its possible food sources at each reach. Mean contributions to consumer’s 
diet and the range of contributions (in brackets) are shown for each food source considered in each 
mixing model. 
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 DISCUSSION 
Results from this study evidenced the appropriateness of the use of stable isotopes as a tool 
for tracing C pathways and spatio-temporal trophic variability in the Tea Stream. 
As previously stated (Finlay et al., 2010; Kobayashi et al., 2011), autochthonous basal 
resources showed higher isotopic variability than allochthonous ones. Probably, the most 
remarkable finding was the decreasing pattern observed in δ13C ratios for periphyton, from 
the midstream to the downstream areas along the Tea Stream. A similar patter from upland 
to lowland river sections has been previously reported in Kobayashi et al. (2011) for the 
Toyo River. Current velocity has been often suggested as a major determinant of isotopic 
variability in benthic algae, mainly through boundary-layer thickness modifications, that 
affect CO2 diffusion patterns (Finlay et al., 1999; Finlay et al., 2002). In general, periphyton in 
fast flowing waters tends to be δ13C depleted in relation to stagnant waters (Trudeau & 
Rasmussen, 2003). As the selected midstream reaches exhibited lower current velocities 
during summer conditions than the downstream ones (Costas et al., 2009), the previous 
generalisation can be applicable to the observed longitudinal trend. Alternative 
explanations to this observed high variability lie on a possible light intensity effect over C 
uptake rates (MacLeod & Barton, 1998) and/or the natural variability in periphyton 
thickness (Hill & Middleton, 2006). Thus, although current velocities seem to largely explain 
the observed pattern in the Tea Stream, it would be interesting to explore these other 
explanations in the future. On the other hand, results also showed that consumers clearly 
reflected the isotopic patterns found for basal resources. Finlay et al. (1999) indicated that 
the δ13C signal of benthic algae was directly transferred to primary consumers and 
subsequently to higher trophic levels. Accordingly, most primary consumers in this study 
exhibited strong decreasing patterns parallel to the periphyton signals along the studied 
stream gradient. Besides, this signal transference was extensive to predator invertebrates 
and fish, indicating that these secondary consumers probably depend on taxa that feed 
mainly on autochthonous material. 
The observed reliance of most primary consumers on periphyton, as showed by regression 
analyses, indicated that autochthonous resources could constitute the food web base in the 
studied area. Considering that all selected reaches in the Tea Stream are order 4 (according 
to a geographical scale of 1:50000), to some extent this result might be confirming the RCC 
prediction of autotrophy dominance for mid-sized streams (order 4-6). Even though there 
are several physico-chemical differences between midstream and downstream reaches in 
the Tea Stream (Costas et al., 2009), our results were in accordance to other studies (i.e., 
Brito et al., 2006; Hadwen et al., 2010) showing periphyton fuelling food webs in the stream 
independently of studied reaches location along the studied gradient. These results 
reinforce the affirmation made in Finlay et al. (1999) that past isotopic studies may have 
underestimated the importance of this resource in river food webs. However, looking at 
SIAR results, it seems that alder leaves also play a significant role in structuring food webs 
over the studied stream length at long term, showing even higher contributions than 
periphyton in some reaches. Moreover, the restriction in this study to summer sampling 
prevents the realisation of major generalisations until further research is produced 
considering seasonal fluctuations. 
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The trophic study along the Tea Stream gradient highlights the need to avoid pooling of data 
from different stream reaches as this fact may increase uncertainty and mask ecological 
interpretations, or the use of single reaches results when extrapolating to the whole river 
length, due to the identified natural isotopic variability even along same order rivers. 
Therefore, reach scale approaches (considering longitudinal variability) seem more 
appropriate to such studies, instead of extracting general patterns based on data 
aggregation. Our results are consistent with other studies showing the utility of site-specific 
approximations in reducing isotopic variability to properly apply dual isotope methods in 
food web evaluations (i.e., Zah et al., 2001). In fact, in this study, the importance of the 
studied scale is again stressed when considering ontogenetic isotopic shifts in fish. While 
aggregating isotopic data from all reaches resulted in no significant pattern, analyses from a 
site-specific perspective showed significant differences among different sized eels and 
trouts. Furthermore, using a small scale perspective is useful in short-term studies, and the 
findings based on reach scale observations were relevant to show trophic interactions in the 
Tea Stream during the studied summer period. However, if we want to extract an extensive 
generalisation of the results, it is still necessary to design long-term research to obtain 
broader temporal series. In fact, even though this study handled only a 3 year series, the 
inter-annual isotopic variability assessed was already quite high, stressing the need to 
address in depth studies over longer temporal scales. 
Another critical issue for SIA application in trophic studies is the level of taxonomic 
resolution applied, which often implies taxa aggregation for statistical analyses. If natural 
isotopic variability is not considered, this may entail erroneous interpretation of results. In 
our case, although similar patterns were found both for the group (primary consumers and 
predators) and the family level, it couldn’t be discarded different results with increasing 
taxonomic resolution. Indeed, omnivory has been often underestimated in food web studies 
due to the great difficulties implied by its quantification (Jepsen & Winemiller, 2002). 
However, in agreement to other research in freshwater ecosystems (Vadas, 1990; Beaudoin 
et al., 2001), our SIA and GCA analyses hint a prevalence of generalist and omnivorous 
feeding strategies for consumers in the Tea Stream. 
However, the biggest problem faced in this study was the high consumer exclusion for SIAR, 
being out of the convex hulls implied by the evaluated food resources. Our protocols were 
designed to collect mainly dominant taxa, thus several food resources (even some identified 
as relevant in fish GCA) were underrepresented or even not collected for SIA. This fact may 
be probably contributing to the mentioned exclusion. These results reinforces the 
importance of combining GCA and SIA in trophic studies, as the different levels of resolution 
achieved by both techniques (Mantel et al., 2004; Clarke et al., 2005; Lin et al., 2007) allows 
better ecological interpretations and the identification of possible gaps in research. For 
example, as in several other studies our GCA identified chironomids (Hesthagen et al., 2004; 
Dineen et al., 2007) and terrestrial preys (Allan et al., 2003) as key preys for salmonids in 
the Tea Stream. However, the contribution of these resources to the diets of fish 
communities in the stream couldn’t be tested through SIA. Thus, it is advisable to perform 
detailed assessments of this kind of food resources, prior to any further generalization. 
Moreover, the high exclusion of taxa for SIAR, as well as the mismatches found between GCA 
and SIA results may also be explained by the use of inadequate fractionation factors. It has 
been demonstrated that often the evaluated tissue, taxa, diet or even environment represent 
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sources of variation affecting this parameter (Caut et al., 2009). As we don’t have specific 
fractionations for our studied system, and trying to minimise these effects, we applied 
different factors depending on consumer class. Our results comparing single fractionation 
factors for all consumers vs. specific fractionations for fish and invertebrates showed that 
the last approximation worked better with our data. However, it couldn’t be assured that 
applying even more specific factors would change some results. Thus, future fractionation 
research would be very useful to improve the application of SIA in the Tea Stream. 
Isotope studies can also be useful during the planning and development of fish conservation 
programmes, because taking into account spatio-temporal trophic variability may have 
direct implications in management actions concerning the Tea Stream. Conducted at larger 
scales, trophic studies will provide robust trophic evidence on stream functioning, as well as 
evidence for human impacts on it. More specifically, fish trophic interactions (i.e., predation 
or competition), the level of reliance of species over certain resources or top-down/bottom-
up effects over communities, are some issues that could find responses in SIA. Besides, the 
studied reaches in the Tea Stream have been widely used as stocking sites for Atlantic 
salmon, within the Galician Government programmes for the conservation of this species. 
Thus, such information may be useful when determining stocked fish adaptation to natural 
environment, ecological implications of stocking… Our study constitutes an initial short-
term approximation that may have future applications in this sense. Furthermore, following 
the perspective in Kendall et al. (2010), combining this kind of studies with long-term 
monitoring programmes could provide powerful insights into the mentioned ecological 
issues. Since 1995 the Galician Government develops annual fish inventories in several 
Galician catchments (Xunta de Galicia, 2008), including the Tea Stream. Thus, the mentioned 
combination could provide larger sets of fish isotope samples, which may imply valuable 
information for management plans as well as it may serve to enhance the monitoring 
programme itself. Ours results also stress the importance of the conservation of riparian 
zones in the Tea Stream, from the point of view of its implications over trophic relationships 
and fish management in the stream. Often, riparian areas play an important role supporting 
secondary production in streams, mainly through two different pathways. In one hand, 
allochthonous inputs (i.e., leaves) are directly consumed by stream primary consumers that 
are the basis of the diet of several secondary ones (i.e., fish). For example, according to GCA 
in the Tea Stream an important prey supporting fish production was Chironomidae, and the 
high importance of riparian leaf inputs for the secondary production of some chironomids in 
Galician temperate streams has been previously stressed (see in example Garcia & Pardo, 
2012). On the other hand, riparian zones also provide direct resources (i.e., terrestrial 
preys) for secondary consumers. In fact, several papers noted the importance of terrestrial 
preys on salmonid diets (Bridcut, 2000; Baxter et al., 2005). As final consideration, results of 
the present study may provide a baseline for detailed future trophic studies within the Tea 
Stream, as well as they may provide valuable knowledge on the limits of application of SIA 
to this ecosystem. 
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CHAPTER 4 
FISH COMMUNITES AND TROPHIC 
INTERACTIONS 
 
 
Feeding strategies, prey selection and trophic interactions in stocked 
juveniles of Atlantic salmon (Salmo salar) and wild salmonids  
 
Abstract 
The benthic composition and the diet of stocked and wild salmonids inhabiting a 4th order 
stream in the North-West of the Iberian Peninsula were assessed in summer 2006. Spatial 
differences in benthic assemblages were found along the longitudinal axis of the Tea Stream, 
being clearly reflected in the observed dietary patterns in the salmonid community. The 
feeding strategies of the majority of salmonid categories were highly similar at both 
population and individual levels. Generalist diets, of variable degrees of specialisation over 
certain items, related to stream zone, month and salmonid size were observed. Diets were 
more similar between stocked and wild salmon than between any salmon and trout: the 
greatest overlap occurring between small salmonids in the downstream zone. Size-
dependent predation was also observed and certain levels of resource partitioning were 
found for the 10.1-15.0 cm size class, maybe forced by inter-specific competition or due to 
differential habitats preferences. A clear increase in the fullness index was found for stocked 
salmon a month after being released in the stream, reflecting a quick adaptation to wild diet. 
Our results revealed a potential for competitive interactions among salmonids in the stream, 
supported by the fact that Chironomidae and Simuliidae were the main food resources 
sustaining the salmonid community during the studied summer period. This study indicates 
the need to explore the effects that competitive interactions and potential food limitations 
may have on the Tea Stream salmonid community to improve current Atlantic salmon 
conservation management in the area. 
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INTRODUCTION 
It’s a fact that the abundance of Atlantic salmon (Salmo salar L.) suffered a general decrease 
during the last centuries through much of its distributional range (WWF 2001; Hendry & 
Cragg-Hine, 2003), being more apparent for populations inhabiting areas constituting its 
Southern limits (Parrish et al., 1998). Northwestern rivers of the Iberian Peninsula 
constitute this limit in Europe (Blanco et al., 2005), and probably, the Southernmost stable 
wild population subsisting in this area inhabits the Miño River and one of its main 
tributaries, the Tea Stream (Hervella, 2002). This critical decline leads to increasing interest 
in the development of several conservation measures. Particularly, over the last decades one 
of the most extended management tools was the release of hatchery-reared Atlantic salmon 
(Einum & Fleming, 2001; Jonsson & Jonsson, 2006). Meanwhile, the implementation and 
development of biological and ecological post-stocking studies should be performed to 
evaluate the effectiveness of this practice. 
As a consequence of these actions millions of hatchery-reared juveniles are released around 
the world every year. However, despite this massive stocking few of them make it to 
adulthood (McNeil, 1991). It is well documented that rearing conditions lead to specific 
behavioural, morphological and physiological characteristics (Huntingford, 2004; Solem et 
al., 2006; Glober et al., 2009), which could entail unsuccessful adaptation of cultured fish to 
natural environments. Hatchery-reared juveniles may show inadequate foraging behaviour 
once released (Sundström & Johnsson, 2001), being this fact decisive for its post-release 
survival (Orlov et al., 2006). Another factor conditioning salmonid survival and growth in 
streams is prey availability (Nislow et al., 1998). Thus, an adequate characterization of the 
invertebrate communities along stocking areas is necessary. Prey composition and 
abundance is expected to change gradually with the change in physical conditions along the 
longitudinal axis of streams (Vannote et al., 1980) and local variations in salmonid feeding 
would be related to these changes (Erkinaro & Erkinaro, 1998; Gíslason & Steingrímsson, 
2004). 
Stocking involves the introduction of a high number of cultured salmons into wild fish 
communities. A direct outcome of increasing fish densities could be a higher intensity of 
biotic interactions (i.e.; competition, predation...) in the stocked areas, which may influence 
fish growth and survival (Kennedy & Strange, 1986; Blanchet et al., 2007). Data on potential 
competition in these areas is useful not only to assess for its direct effect over stocked fish, 
but also to determine the impact that stocking activities have over wild populations 
(DeWald & Wilzbach, 1992; Rhodes & Quinn, 1998; Weber & Fausch, 2003; Jonsson & 
Jonsson, 2006; Vehanen et al., 2009). Although dietary overlap not necessarily implies 
competition (Holmen et al., 2003), when food availability becomes limiting the potential for 
it to happen exists and species displacement may occur (Hilderbrand & Kershner, 2004). In 
general, permanent Atlantic streams of the North-West of the Iberian Peninsula are highly 
productive through all the year. However, there are marked seasonal abundance patterns in 
invertebrate communities (Pardo, 2000; Pardo & Álvarez, 2006). If fish are specialized in 
the consumption of certain resources, these variations would entail local food limitations. 
Thus, specialization and dietary overlap studies in summer (when stocking is usually 
carried out in this area) are vital to assess for the effect of stocking procedures over wild 
populations. 
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Diet habits of different salmonid species have been previously approached in the North-
West of the Iberian Peninsula (see in example Oscoz et al., 2005; Teixeira & Cortes, 2006). 
However, more data on prey availability and post-release foraging of hatchery-reared 
salmon and its wild counterparts are still needed to elucidate the effectiveness of stocking 
procedures in this special geographical area. The main goal of this study is to analyse the 
feeding habits of the salmonid community on a stream located in the Southern limit of 
distribution of the Atlantic salmon in summer (after a stocking effort) in relation with food 
availability. As partial objectives dietary overlap, specialization patterns, prey selection and 
size-dependent relationships were assessed to establish potential competition or predation 
among salmonids in the stocked stream zones. 
MATERIALS AND METHODS 
Study Area 
The present study was performed in the Tea Stream, a fourth order tributary of the Miño 
River (NW Iberian Peninsula) (Fig. 4.1). It rises at a 900 m a.s.l. altitude and flows South-
West for about 54 km. The Tea drains a catchment area of 350 km2, most of which is 
considered a Site of Community Importance (SCI) in the Natura 2000 EU Network (Fig. 4.1). 
In addition, this stream is included in the conservation programme for the Atlantic salmon 
that started in the Galician community in 1995, comprising several stocking procedures. 
The study area encompassed a 30 km length in the middle and lower sections of the stream, 
corresponding to the stretches accessible for wild salmon. Twelve sampling sites were 
chosen along this length (Fig. 4.1), being coincident with those used by the Galician fish 
authorities for salmon stocking and monitoring within its conservation plan. Different 
habitat characteristics and fish species composition allowed a further division of the 
mentioned length in two main groups of reaches (midstream vs. downstream reaches) (see 
Costas et al. 2009 for further details). The midstream fish assemblage was dominated by 
brown trout (Salmo trutta L.) and eel (Anguilla anguilla L.), being other species 
underrepresented (Costas et al. 2009). Meanwhile, the fish assemblage in the downstream 
reaches included Atlantic salmon, cobitid and cyprinid species in addition to trout and eel 
(Costas et al., 2009). 
Sampling 
Fish collection 
9-10 August 2006, all 12 sampling sites were stocked with hatchery-reared Atlantic salmon 
juveniles at a density of 3 ind m-2. Diet of all salmonid species inhabiting the reaches was 
analysed twice, after two and six weeks of juvenile release (21-25 August and 18-22 
September 2006). Stocked salmons were marked prior to release by removing the adipose 
fin. Consequently, three salmonid categories were established for this study: stocked 
Atlantic salmon (RS), wild Atlantic salmon (WS) and brown trout (T). 
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Figure 4.1. Location of the Tea Stream (NW Iberian Peninsula) and the reaches (○) of 
study. The shaded area indicates the length of the stream included in the Nature 
Network 2000. 
Fish were collected by electrofishing, following the method of successive passes without 
replacement and with constant effort (DeLury, 1947). All collections were made during 
daylight hours (9:00-14:00). When possible, for each site and date, a sub-sample of 14-17 
individuals per salmonid category was taken. For sites where captures of a salmonid 
category were less than 14 individuals, all captured individuals were examined. After being 
anaesthetized with 2-phenoxyethanol (0.2 ml l-1 concentration), fish selected were 
measured (fork length, FL), weighted and their stomach contents extracted by gastric lavage. 
Fish were held over a collection bowl with its head inclined downwards and stream water 
was forced into its mouth and oesophagus to flush-out the stomach content. For this 
purpose, different sized syringes attached to rubber tubes of different diameters were used 
according to fish size. This procedure has been shown to be highly efficient for different 
salmonid species (see Kamler & Pope, 2001). Regurgitated food was stored in polyethylene 
vials with 40% formaldehyde. After measurements, captured individuals were returned to 
the stream. No fish under 5.0 cm was considered, because no stocked salmon of size class 
<5.0 cm was released and therefore no comparisons would be possible. 
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Invertebrate collection 
Benthic samples were collected to determine composition and abundance of potential preys 
for salmonids. Prior to electrofishing in August 2006, five samples of invertebrates were 
randomly collected in each reach using a Surber stream bottom sampler (0.09 m2, mesh size 
100 μm). Samples were preserved in 70% ethanol. As study reaches were naturally 
delimited by upstream and downstream big pools, drift samples were not taken, assuming 
that pools would suppose a barrier to drift (Descroix et al., 2009). We assumed that 
composition and abundance of drifting invertebrates (except for terrestrial preys) (see 
Appendix 5) per reach would be mainly related to the reach benthic fauna. 
Stomach contents and benthic invertebrates processing 
Preserved stomach contents were analysed under a binocular microscope 57X 
magnification (Olympus SZX9). All food items were identified and counted, excluding 
material digested beyond recognition. Invertebrates identified to order or higher level were 
Oligochaeta, Decapoda, Hirudinea, Hydrachnidia, Gastropoda and Nematoda, while the other 
taxa were identified to family level when possible. Independent categories were established 
for the following preys: terrestrial preys, pupae, imagos, nymphs and fish. Each prey item 
was photographed with a digital colour camera (Olympus DP10) connected to the 
microscope, and its total body length (excluding antennae and cerci) determined to the 
nearest 0.01 mm with an image analysis system (Olympus MicroImage Analysis Software v. 
4.0 for Windows) (see Appendix 6). All stomach contents except for stones, debris and empty 
caddisfly cases (Mookerji et al., 2004) were dried at 60°C for 48h and weighed to the nearest 
0.001 mg (Sartorius micro-M2P scale microbalance). 
Benthic samples were sorted and all invertebrates were counted and identified to the same 
taxonomic level as for the taxa found in the stomachs. 
Data analysis 
Prey availability 
Density (ind m-2), relative frequencies, taxa richness and diversity of benthic invertebrates 
were determined to describe prey availability for fish along the stream in the studied 
period. Prey richness and diversity were estimated by using Margalef (R) and Shannon-
Wiener (H’) indices respectively:  
1
( )
S
R
Ln n
 
2' logi iH p p  
where S is the number of benthic invertebrate taxa, n is the total number of invertebrates 
and pi is the proportion of the invertebrate item i with respect to the total number of 
invertebrates for a given reach. 
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Spatial differences in invertebrate assemblages in the stream were analyzed by cluster 
analysis on a matrix of Bray-Curtis similarity index (using group average as algorithm) 
(Clarke & Warwick, 2001). In addition, non-parametric mean comparison analyses (Mann-
Whitney U-tests) on invertebrate densities, richness and diversity were performed to 
contrast the obtained groups, because assumptions for parametric analyses were not 
achieved for these data. 
Cluster analysis was performed with the PRIMER software 6.1.5, while non-parametric tests 
were performed with the SPSS 15.0 software. 
Diet description 
For further analyses, diet data were pooled in two main groups (data from midstream vs. 
data from downstream reaches) per each sampling occasion, following results by Costas et 
al. (2009). To minimize confounding effects due to ontogenetic diet variations, each 
salmonid category was also grouped by length classes according to the following intervals: 
≤10.0 and 10.1-15.0 cm. Therefore, in the final matrix data were aggregated by groups that 
were the basis for the analyses comparisons. Each group was composed by: a salmonid 
category (RS, WS or T), a sampling occasion (August or September), and a zone (midstream 
or downstream) and a fish length class (≤10.0 or 10.1-15.0 cm). Besides, for the two 
sampling months less than 6 wild Atlantic salmon (WS) per size class were captured in the 
entire midstream zone. As these “n” values were too low, and to assure the robustness of the 
statistical analyses, the corresponding groups for this salmonid category 
(WS/≤10.0/MZ/AUG; WS/10.1-15.0/MZ/AUG; WS/≤10.0/MZ/SEP; WS/10.1-15.0/MZ/SEP) 
were not taken into account. We were assuming that wild Atlantic salmon does not 
constitute a stable component of the fish assemblage in the midstream zone, as it was stated 
in Costas et al. (2009). Empty stomachs were eliminated from datasets, except for Vacuity 
and Fullness indices calculation. 
Diet composition was assessed in a quantitative and qualitative way for each fish group. 
Frequency of occurrence (Fi) and percent abundance by number (%Ai) and weight (%Wi), 
were calculated for each prey taxa according to the following equations: 
/i iF N N  
 % 100ii
t
S
A
S
 
 % 100ii
t
S
W
S
 
where Ni is the number of fish of a given group (i.e., stocked Atlantic salmon ≤10.0 cm 
captured in the midstream zone of the Tea Stream in August. Code: RS/≤10.0/MZ/AUG) 
with prey i in their stomach, N is the total number of fish of the same group with stomach 
contents of any kind, Si is the stomach content (in number or weight respectively) 
comprised by prey item i and St is the total stomach content for all prey taxa in the entire 
group . 
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Numerical abundance methods would overestimate small prey importance while 
gravimetric abundance ones would overestimate the importance of preys with high 
proportions of non digestible structures (Hyslop, 1980). Thus, to appropriately describe the 
importance of each prey we also applied an index combining weight, abundance and 
presence data (Ortaz et al., 2006). As it demonstrated to provide an optimal balance among 
the three components (Liao et al., 2001), the Index of Relative Importance (IRI) and its 
percentage (%IRI) (Cortes, 1997; Cortes, 1998) were chosen: 
(% % )i i iIRI A W F            and                
1
100
% n
jj
IRI
IRI
IRI
 
Vacuity index (%VI) was calculated and expressed as the number of empty stomachs with 
respect to the total number of stomachs examined. To assess for variations in feeding 
intensity among fish groups, Fullness index (FI) was calculated for each individual according 
to the following equation: 
        FI = (dry weight of stomach content/wet weight of fish) x 100 
t-tests for independent samples were used to determine differences among stream zones, 
months and salmonid categories. Fullness data were cube root transformed to assure 
normality assumption for parametric analyses. These tests were conducted with the SPSS 
15.0 software. 
Dietary overlap 
Dietary overlap was calculated using the Schoener’s percent similarity index (S): 
100 1 0.5 | |xi yiS p p  
where pxi and pyi are the proportions of prey item i in fish groups x and y respectively. This 
index ranges from 0 (indicating no overlap) and 1 (complete overlap) and only values >0.6 
(60%) are considered biologically significant (Teixeira & Cortes, 2006). 
Feeding strategies 
Feeding strategies for each fish group were analysed according to the graphical method 
proposed by Amundsen et al. (1996). For each prey with %Ai >5% (Gabler & Amundsen, 
2010), the prey specific abundance (%Pi) is plotted against frequency of occurrence (Fi) in a 
2D representation. %Pi was calculated with the following equation: 
% 100ii
ti
S
P
S
 
where Si is the stomach content (in number) comprised by prey item i and Sti is the total 
stomach content of any kind only in those fish of the group that consumed prey i. This 
method allows interpreting prey importance, feeding strategy and niche width, by 
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examining the distribution of the plotted points along the axes and diagonal of the diagram 
(Fig. 4.2) (see Amundsen et al., 1996 for further details). 
 
 
 
 
 
 
 
 
 
 
Figure 4.2. Diagram for the interpretation of the explanatory axes of 
the Amundsen plots (adapted from Amundsen et al., 1996). BPC: 
between-phenothype component. WPC: within-phenotype component. 
Prey selection behaviour 
Prey selection by each individual was quantified for the different prey taxa using Strauss’s 
linear electivity index: 
 i iL r p  
where ri and pi are the proportional abundances of prey item i in the diet of the fish and in 
the environment respectively. The index varies from -1 to 1. Positive values indicate 
preference and negative values avoidance or resource inaccessibility (Strauss, 1979). A cut 
off in -0.10<L<0.10 was applied to detect neutral/random use of resources. Electivity values 
out of the mentioned range were compared to zero using t-test for one sample to determine 
if it represents a significant prey selection or avoidance (Lankford & Targett, 1997). This 
index was selected because it is relatively unbiased when prey sample sizes between 
predator guts and environment are unequal (Strauss, 1979). 
Size related selection of preys were explored for each salmonid category, stream zone and 
sampling occasion. As prey length data couldn’t be normalized non-parametric mean 
comparison analyses were applied (Mann-Whitney U-tests). 
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RESULTS 
Prey availability 
The cluster analysis led to the aggregation of the 12 stream reaches in two distinct groups 
(61% similarity threshold) in benthic fauna composition, with a clear separation between 
midstream and downstream reaches (Fig. 4.3). 
 
 
 
 
 
 
 
 
 
Figure 4.3. Cluster ordination of the 12 stream reaches studied in the Tea Stream (NW Iberian 
Peninsula), according to their benthic fauna densities. Two groups of reaches, separated at a 61% 
similarity threshold are indicated. The cluster is based on the Bray- Curtis similarity index. 
The 75% of invertebrate individuals abundance in the midstream zone was dominated by 8 
taxa (%Ai >5%) (Baetidae, Chironomidae, Elmidae adults, Elmidae larvae, Ephemerellidae, 
Heptageniidae, Hydropsychidae and Leuctridae). Meanwhile, the combined abundance 
contribution of Chironomidae, Hydrachnidia, Leuctridae and Simuliidae accounted for the 
76% of the downstream zone invertebrate assemblage. 
Significant differences between zones were found for benthic richness (midstream R = 4.50 
± 0.21, downstream R = 3.55 ± 0.41; Mann-Whitney U-test P = 0.007), diversity (midstream 
H’ = 3.81 ± 0.12, downstream H’ = 2.87 ± 0.44; Mann-Whitney U-test P = 0.004) and total 
density of invertebrates (midstream 3696 ± 626 ind m-2, downstream 7240 ± 2201 ind m-2; 
Mann-Whitney U-test P = 0.003). The midstream zone showed highest densities of Baetidae, 
Beraeidae, Brachycentridae, Elmidae adults, Ephemerellidae, Gyrinidae larvae, 
Heptageniidae, Hydraenidae, Hydropsychidae, Limoniidae, Perlidae, Sericostomatidae and 
Tabanidae; while Chironomidae, Empididae, Hydrachnidia, Leptoceridae, Leuctridae, 
nymphs and Oligochaeta were more abundant in the downstream reaches (all Mann-
Whitney U-tests, P <0.05). Other 31 benthic invertebrate taxa were found but didn’t show 
significant differences in their density between midstream and downstream zones. 
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Diet description and dietary overlap 
 There were no significant difference (Kruskall-Wallis, X2 = 3.791, P = 0.150) in the Vacuity 
index for the different salmonid categories. Of the 723 stomachs analysed only 11% were 
empty or contained exclusively unidentified material. In August, stocked Atlantic salmon of 
size class 10.1-15.0 cm showed differences in feeding intensity between midstream and 
downstream zones (t-test, P = 0.019) [Fig. 4.4(A)]. This spatial variation disappeared in 
September (t-tests, P = 0.544) due to an increase in the fullness index in the midstream zone 
with respect to August (t-test, P = 0.006) [Fig. 4.4(A)]. Temporal differences were also found 
for the smallest stocked salmons (≤10.0 cm) in both stream zones (t-tests, midstream P = 
0.008 and downstream P = 0.001, respectively), with higher fullness values in September 
than in August [Fig. 4.4(A)]. There were no temporal or spatial variations in feeding 
intensity for brown trout and wild Atlantic salmon (all t-tests, P >0.05) [Figs. 4.4(B) and 
4.4(C)]. Comparisons between salmonid categories, indicated a less intensive feeding for the 
smallest stocked salmons (≤10.0 cm) in the downstream zone than for same sized wild 
salmons, for both August and September months (t-tests, P = 0.008 and P = 0.033 
respectively). No other significant differences were found among salmonid categories. 
Diet in all fish groups was mostly composed of aquatic invertebrates. A total of 58 prey taxa 
were identified from the stomachs and the dietary importance for each group is shown in 
Table 4.1. Chironomidae and Simuliidae were the most constant food resources for 
salmonids in the stream. They appeared in most fish groups with %IRI >5%, independently 
of zone, sampling month or salmonid category (Table 4.1). On average, Chironomidae made 
up 39 IRI% (range 4-85%) and Simuliidae 19 IRI% (range 0-62%). Depending on the fish 
group considered, other preys reached also up to 5% and its dietary importance was 
remarkable (Table 4.1). In this study, differences in diet composition among groups were 
tackled attending to 3 approaches: spatial variations, temporal variations and differences 
among salmonid categories. 
There were clear spatial variations in diet composition in most fish groups according to 
overlap analyses (S values <0.6) [Table 4.2(A)]. %IRI results confirmed this pattern, 
showing that Baetidae, Heptageniidae, Hydropsychidae and Psychomidae were more 
important in the salmonids diet in the midstream zone (Table 4.1), while Chironomidae, 
Simuliidae and Oligochaeta dominated in the downstream zone (Table 4.1). Temporal 
changes in the main resources used in both zones were evident for trouts (of any size) and 
stocked salmon of size class 10.1-15.0 cm (S values <0.6) [Table 4.2(B)]. Chironomidae, 
Hydropsychidae and Psychomidae were more consumed in August, while Baetidae and 
Simuliidae did so in September (Table 4.1). Comparisons made between paired salmonid 
categories showed that the diet of salmonids inhabiting the Tea Stream was highly 
coincident for the ≤10.0 cm size class (S values >0.6) [Table 4.2(C)]. Their diets were similar 
both in composition and importance of the most consumed preys (Table 4.1). Meanwhile, 
salmonids of the 10.1-15.0 cm size class showed less overlap (S values <0.6) [Table 4.2(C)]. 
Major diet differences for this category in the midstream zone were attributed to the greater 
importance of Baetidae, Philopotamidae and pupae for stocked salmon and the importance 
of Simuliidae, nymphs and terrestrial preys for trouts (Table 4.1). In the downstream zone 
differences were due to the importance of Chironomidae and Hydropsychidae for salmon 
(both stocked and wild salmon) and Decapoda, Gastropoda, nymphs and terrestrial preys 
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for trouts (Table 4.1). The greatest overlap values were found between stocked and wild 
Atlantic salmon in the downstream zone (both for the ≤10.0 and 10.1-15.0 cm size classes) 
(S values >0.8) [Table 4.2(C)]. These patterns were maintained between August and 
September [Table 4.2(C)]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.4. Stomach fullness index (FI) (mean ± S.E.) of stocked Atlantic salmon (A), wild Atlantic 
salmon (B) and brown trout (C), captured in the midstream and downstream zones of the Tea Stream. 
Two size classes (≤10.0 and 10.1-15.0 cm) and two sampling periods (August   and September  ) are 
considered. Relevant comparisons for this study are indicated as horizontal bars (Solid bars: spatial 
scale comparisons, dashed bars: temporal scale comparisons). n.s.: not significant difference. * 
Significant differences at P <0.05. 
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Feeding Strategies 
Amundsen plots showed that despite of their differences in diet composition, at an 
individual level all fish groups exhibited a generalised feeding strategy (Fig. 4.5). This result 
was based in the fact that the relative position of most prey points was located in the lower 
half part of the graphs. At the population level, most fish showed a moderate specialisation 
on a limited number of prey items (located toward the upper right of the graphs) (Fig. 4.5). 
The degree of specialisation over these few preys varied with stream zone, month and 
salmonid size. 
In August, all small salmonids (≤10.0 cm) specialized in eating Chironomidae (Fig. 4.5), in a 
more pronounced way in the downstream zone. This pattern was less apparent in 
September (Fig. 4.5). A clear increase in the importance of Baetidae for the diet of small 
stocked salmons in the midstream zone was noted in September (Fig. 4.5). Simuliidae was 
also more consumed by small trouts in the midstream zone and by all small salmonids in the 
downstream zone in September (Fig. 4.5). 
The specialisation patterns on Chironomidae and the increasing importance of Baetidae and 
Simuliidae in diets from August to September were less marked for salmonids of 10.1-15.0 
cm size class (Fig. 4.5). The highest specialisation on Chironomidae continued to happen in 
the downstream zone, although 10.1-15.0 cm trouts in this zone showed especially low 
values (Fig. 4.5). Despite the general tendency to a decreasing specialisation showed by 
these salmonids, 10.1-15.0 cm trout exhibited a moderate but increasing preference for 
terrestrial preys (in the midstream zone) and nymphs (in the downstream zone) 
consumption (Fig. 4.5). 
Finally, from plots it could be concluded that salmonids feeding strategies in the Tea Stream 
were more similar between stocked and wild Atlantic salmon, than between any salmon and 
trouts (Fig. 4.5). 
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Table 4.2. Dietary overlap (Schoener Index, S) between pairwise comparisons of stocked 
Atlantic salmon (RS), wild Atlantic salmon (WS) and brown trout (T) captured in the Tea 
Stream. Spatial scale (A), temporal scale (B) and between-salmonid categories (C) 
comparisons are shown. 
 
 
 
 
 
 
 
 
 
 
 
Prey selection 
Only 8 of the 58 prey taxa showed some value significantly different from zero (t-test, P 
<0.05) and out of the range established in this study as neutral/random use of resources 
(Fig. 4.6). Chironomidae resulted to be actively selected by all small salmonids of the Tea 
Stream (independently of its abundance differences between stream zones), while the 
greatest trouts of the downstream zone did not eat it (Fig. 4.6). Electivity values also 
presented Simuliidae as a selected prey. Although it was not dominant on the benthic 
samples collected in the midstream zone (in spite of its possible prevalence in some 
alternative habitats such as macrophytes patches), Simuliidae was selected by salmonids 
of this zone (except by the greatest stocked salmons) (Fig. 4.6). Decapoda and terrestrial 
preys were also selected positively by the biggest trouts (Fig. 4.6). In other hand, some 
abundant benthic invertebrates were not actively consumed. Hydropsychidae and Elmidae 
adults of the midstream zone were avoided by trouts, as well as Leuctridae by the whole 
salmonid assemblage in the downstream zone (Fig. 4.6). 
In August significant ontogenetic differences on the mean prey length were found for wild 
salmons and trouts along the stream (Mann-Whitney U-tests, P <0.05) (Fig. 4.7). These 
differences were maintained in September, being also apparent for stocked salmons 
(Mann-Whitney U-tests, P <0.05) (Fig. 4.7). In August, prey length for the majority of ≤10.0 
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cm salmonids was rather similar (Mann-Whitney U-tests, P >0.05) (Fig. 4.7). However, in 
September mean prey lengths for small salmonids (≤10.0 cm) of the midstream zone were 
significantly lower than for the ones inhabiting the downstream zone (Mann-Whitney U-
tests, P <0.05) (Fig. 4.7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5. Feeding strategy 
of stocked Atlantic salmon 
(open circles), wild Atlantic 
salmon (stars) and trout 
(filled diamonds) captured in 
the Tea Stream. Only prey 
taxa Ai >5% are represented. 
Numbers indicate prey taxa 
(correspondences are in 
Table 4.1).  
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Figure 4.6. Prey electivity (mean ± S.E.) by the different salmonid categories captured in the 
midstream and downstream zones of Tea Stream in 2006. Results for two fish size classes (≤10.0 and 
10.1-15.0 cm) are shown. “*”: significantly different from zero. 
 
 
Figure 4.7. Prey size (±  S.E.) in the stocked salmons ( ), wild salmons ( ) and trouts ( ) captured in 
the Tea Stream in summer 2006. Two sampling zones (midstream and downstream) and occasions 
(August and September) are indicated. Mean values for each group are shown in the figure and 
significance levels are indicated with bold letters. 
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DISCUSSION 
A number of studies have assessed trophic habits for different salmonid species in the 
Northern Iberian Peninsula (Suarez et al., 1988; Oscoz et al., 2005; Teixeira & Cortes, 
2006). Meanwhile the existing knowledge on the ecology of stocked hatchery-reared 
salmon when coexisting with wild salmonids is scarce. This study provides new 
information on the diet of salmonids inhabiting a stocked stream in the European 
Southern limit of distribution for Atlantic salmon. 
The importance of prey availability and its longitudinal distribution variations on fish 
growth and survival has been evaluated in a number of stream studies (Nislow et al., 1998; 
Steingrímsson & Gíslason, 2002; Descroix et al., 2009). Our results demonstrated the 
existence of high densities of benthic invertebrates along the main longitudinal axis of the 
Tea Stream over the study period. However, the clear differentiation between midstream 
and downstream reaches according to its diversity, richness and mean and specific 
invertebrate densities, may lead to local food limitations if salmonids specialized in the 
consumption of certain resources. This spatial differentiation in benthic community 
structure was highly coincident with that obtained by Costas et al. (2009) using other 
habitat variables. Reinforcing the fact that diet analyses were made independently for 
midstream (MZ) and downstream (DZ) zones. Accordingly to other studies showing 
habitat-dependent feeding patterns in fish (see in example Gíslason & Steingrímsson, 
2004; Ruginis, 2008), the spatial differences in the benthic assemblages of the Tea Stream 
were concordant with the diets of its salmonid community. 
In general, the salmonids of the Tea Stream presented a wide trophic spectrum during 
summer. All salmonid categories showed mixed feeding strategies, based on the 
consumption of common food resources, several occasional preys and with variable 
degrees of specialisation over certain items (often the more abundant invertebrate taxa). 
Thus, at an individual level and considering a context of no food limitation, all of them 
could be considered generalist predators. In accordance with previous studies (Hesthagen 
et al., 2004; Dineen et al., 2007; Descroix et al., 2009), Chironomidae and Simuliidae 
constituted the more important prey items for the salmonid community of the stream. 
Different authors showed Chironomidae abundance peaks in summer and Simuliidae 
peaks in spring and late summer for the Tea Stream (Pardo, 2000) and in several North 
Iberian rivers (see in example González et al., 2000; Álvarez-Cabria et al., 2011). Our 
results, indicating Chironomidae as the most important prey, and an increasing 
importance of Simuliidae in September are in accordance with these facts. It is also 
remarkable that, as previously stated (Hesthagen et al., 2004), in spite of its great 
availability the consumption of Chironomidae by large trouts was low. Similarly, it was 
observed that not always abundant preys were the most consumed ones. For example, 
10.1-15.0 cm salmonids of the downstream zone clearly increased its Oligochaeta 
consumption with respect to small salmonids in spite of not being a dominant resource. In 
general, in this study, there is an apparent increase in prey size with increasing salmonid 
size. These size-dependent variations have been previously demonstrated for different 
salmonid species and often attributed to the metabolic requirements of large fish (Keeley 
& Grant, 1997; Steingrímsson & Gíslason, 2002). However, large invertebrate taxa are not 
the commonest in the benthic assemblages of the Tea Stream (neither in the midstream 
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nor downstream zones) and this fact could partially explain the diet patterns observed for 
big salmons and trouts. Similarly, other non-locally abundant preys were also significantly 
consumed (i.e., Hydropsychidae in the downstream zone by big salmons, Psychomiidae in 
the midstream zone by stocked salmons and trouts…). Even more, although Elmidae adults 
and Leuctridae nymphs were locally abundant, its consumption was avoided in the Tea 
Stream. This rejection patterns has been often observed (Oscoz et al., 2005; Sánchez-
Hernández et al., 2011), being mostly attributed to prey low energetic values due to 
esclerotisation for Elmidae adults, or to prey camouflage and hiding habits under 
substrate for Leuctridae. 
The mentioned feeding patterns would be influenced not only by benthic assemblage’s 
characteristics, but also by competitive interactions among salmonids. As stocked salmon 
juveniles may live at least a year sharing the same habitat with wild salmonids, several 
biological interactions among them are susceptible to happen. That stocking procedures 
would result in detrimental of wild fish communities has been often stressed (Einum & 
Fleming, 2001; Bohlin et al., 2002) as well as the inverse effect, with stocking success 
being dependent of competition and predation (Ward et al., 2008). On the other hand, wild 
salmons are not a stable component of the fish assemblage of the midstream zone in the 
Tea Stream and different interaction patterns could be found between zones. Thus, an 
adequate assessment of the trophic habits of salmonids across zones may have 
implications for the management of the Tea Stream fisheries. 
Diet similarities among the smallest salmonids were greater than among the biggest ones, 
perhaps reflecting more similar morphological and behavioural characteristics at this 
stage, as suggested by Nunn et al. (2007) for other several fish species. In general, the 
higher similarities were found in the diets of small salmonids (<10 cm) of the downstream 
zone. Although prey diversity and richness are lower in this zone, the densities of its 
commonest invertebrates are quite high. It seems feasible that the salmonid community of 
the downstream zone converge over the same resources use, as the invertebrate’s 
densities seem to be enough to sustain the observed overlap values. On its part, in the 
midstream zone, diet similarities were slightly lower for the same size class. This fact 
reflects that although the mean invertebrates’ densities of this zone are lower than the 
downstream ones, small salmonids also preyed over the commonest invertebrates, as well 
as diversified a little its diet in accordance with the higher diversity values of the benthic 
assemblage. It should also be taken into account that for this size class (<10 cm) dietary 
habits in summer did not differ among all species considered. Thus, if the most consumed 
resources become limiting in any zone the inter-specific interactions may increase. 
Resource partitioning is a common mechanism for salmonid species coexistence when 
resources are scarce (Mookerji et al., 2004; Dineen et al., 2007). In fact, if we observe 
results for the 10.1-15.0 size class certain food partitioning among species is shown. The 
previously mentioned size dependent predation and scarcity of big preys perhaps could 
partially explain this pattern. Thus, the observed partitioning for these sized salmonids 
may be forced by inter-specific competition pressure, or simply be a result of different 
microhabitats preferences. In fact, while big salmons (both stocked and wild) consumed a 
combination of common small and some big preys usually associated to benthos, trout 
showed a clear tendency to consume bigger (i.e., fish, decapoda, oligochaeta…) and more 
drifting (i.e., terrestrial preys, nymphs..) preys. The importance of drifting resources in the 
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diet of trout has been often stressed (Maitland, 1965; Hildebrand & Kershner, 2004; 
Teixeira & Cortes, 2006), and in this sense drifting terrestrial preys have been shown as 
one of the most important allochthonous food sources for salmonids (Bridcut, 2000). 
However, in this study, drift samples were not taken and terrestrial inputs were not 
evaluated. Thus, further research is needed to evaluate the real importance of these 
resources. 
The <10.0 cm stocked salmons and all size trouts ate the same food quantities in the 
midstream and downstream reaches over the study period. This high concordance in the 
feeding intensity between zones for the majority of salmonids may be indicating that 
despite of the local differences in the mean food densities, it was enough to sustain the 
salmonid populations of the stream. However, stocked salmon of the 10.1-15.0 cm length 
class ate more in the downstream zone than in the midstream zone in August, while in 
September this spatial difference disappeared. This fact could be indicating that although 
resources are enough, during the first post-stocking month the high number of salmon 
released may be some way interfering on the feeding patterns of salmons stocked in the 
midstream zone the previous year. However, this study was not designed to be a formal 
test of competition, but to evaluate the potential for it to happen if resources become 
limiting. Thus, it is still necessary to carry out more specific studies (i.e., microhabitat use, 
fish condition, survival studies…) over the whole salmonid community to better assess this 
fact. On the other hand, small stocked salmons captured in September ate more than those 
captured during the first survey (in August). This fact probably is reflecting a better 
adaptation of the salmon to the wild diet after a month in a natural environment, thus 
showing higher efficiencies on the capture of food. However, these values didn’t reach 
those of wild salmons. These results agree with the often observed fact that hatchery 
reared salmonids show inadequate foraging habits and efficiencies (Sunström & Johnsson, 
2001; Munakata et al., 2000; Vehanen et al., 2009) during the first months after release. 
Piscivorous habits have been often reported for big trouts (Mittelbach & Persson ,1998; 
Keeley & Grant, 2001). In the Tea Stream, piscivory was apparent in September for the 
10.1-15.0 cm trouts of the downstream zone, agreeing with the highest cyprinid densities 
of the stream. Trout densities are equitable along the stream (Costas et al., 2009) and the 
stocked salmon densities are equal in both zones. Thus, the fact that piscivory was only 
significant in the downstream zone may be indicating that predation over stocked salmons 
by this sized trouts was not occurring or is low. However, this fact couldn’t be assured 
because fish amounts found in trout’s stomachs couldn’t be identified to specie due to its 
high digestion status. Besides, trouts over 15.0 cm were not considered, and more 
research oriented to these sized trouts should be done. 
 In conclusion, the potential for competitive interactions among salmonids in the Tea 
Stream exist as the pace of the most consumed resources become limiting. It has been 
demonstrated that after stocking efforts in summer, this salmonid community relied 
mainly on the production of Chironomidae and Simuliidae in the stream. Therefore, an 
adequate characterization of stream available food resources is vital to develop successful 
conservation programmes for Atlantic salmon. Besides, the use of hatchery reared Atlantic 
salmon as a measure to mitigate its decline in this area, should be considered carefully to 
avoid both damages to wild fish communities and an inadequate success of the 
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procedures. Future research is still necessary to improve our understanding on the 
ecological interactions among salmonids in this special area. 
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Stocking efficiency and the effects of diet preconditioning on the post-
release adaptation of hatchery-reared juveniles of Atlantic salmon (Salmo 
salar L.) in an Atlantic temperate stream 
 
 
Abstract  
This study explores the stocking efficiency of Atlantic salmon juveniles in a 4th order stream 
located at the Southern limit of its Eastern Atlantic distribution. Moreover, with the idea of 
implementing new protocols and methods to improve “traditional” hatchery practices and 
rear a more “wild” like fish, the study examines the response of this species to natural diet 
preconditioning prior to release. The field study indicated that most juveniles disappeared 
from the stocked reaches within two months of their release, resulting in a recapture rate 
after a year of 0.0–1.1%. There were no differences in stocked juvenile’s density along the 
stream during the first months following stocking. The preconditioning experiments 
showed that juveniles of Atlantic salmon suffered a significant decrease in their condition 
factor when diet was changed from artificial pellets to live preys, either if the change 
occurred before (i.e., in a manipulative experiment) or after their release in the stream. 
Although weight, length, condition factor and specific growth rates reached by juveniles at 
the end of the rearing period were higher in individuals fed on pellets than in those fed on 
macroinvertebrates, differences disappeared only a week after their release in the stream. 
These results may have implications regarding the stocking success when releasing 
hatchery-reared Atlantic salmons in suboptimal environments. In particular, the study 
indicates that stocked salmon adaptation in the selected stream may not be improved by 
short conditioning periods to natural diet prior to their release, while we discuss potential 
explanations for the observed results. 
 
 
Keywords: acclimatization; diet; juveniles; Salmo salar; stocking 
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INTRODUCTION 
The natural range of distribution of Atlantic salmon (Salmo salar L.) covers rivers of the two 
Atlantic coasts in the Northern hemisphere, ranging from Southern Europe to North 
America (Hendry & Cragg-Hine, 2003). Nowadays, the distribution of this specie is 
endangered in many rivers around the world, mainly as a consequence of human pressure 
(WWF, 2001; Valiente et al., 2005; Jonsson & Jonsson, 2006). It is especially dramatic the 
situation for those populations inhabiting areas close to its Southern limit (Parrish et al., 
1998). Within Europe, the Northwestern rivers of the Iberian Peninsula represent this 
boundary (Blanco et al., 2005; Costas et al., 2009). 
As changes in the distribution of fish communities may be particularly noticeable at the 
species geographical limits (Perry et al., 2005; Cemagref, 2008; Mather et al., 2008), 
conservation measures should be more intensively approached for populations inhabiting 
these areas. Particularly, stocking programmes have been widely used over the last decades 
as a main management tool to mitigate the decline in Atlantic salmon populations (Cowx, 
1994; Morán et al., 2005; Jonsson & Jonsson, 2006). However, despite the fact that millions 
of hatchery-reared juveniles are released in many rivers every year, few of them make it to 
adulthood (McNeil, 1991). 
Several studies aiming to assess stocking efficiencies of hatchery-reared juveniles in 
European rivers, found recapture rates after first months of stocking between 1 to 40 % 
(Prignon et al., 1999; Virbickas & Kesminas, 2002; Aprahamian et al., 2004). This wide range 
reveals the importance of the effect of local factors in determining the stocking success of 
this species. Moreover, the role of fish movements is often indicated as a cause for 
underestimating recapture rates of stocked fish (Lasenby & Kerr, 2001). Therefore, more 
studies on fish stocking should be conducted at local scales in order to assess the 
effectiveness of these practices. Besides migration, post-release mortality is used as the 
commonest reason to explain the general low recapture rates of hatchery juveniles. Often, 
the stress caused by release procedures (Jonssonn et al., 1999), or the competitive 
advantage of wild fish inhabiting the stocking areas (prior residence effect) (Huntingford & 
Garcia de Leaniz, 1997; Metcalfe et al., 2003) are considered as key factors determining 
stocked fish success. 
It is well known that rearing conditions may promote behavioural (Einum & Fleming, 2001; 
Huntingford, 2004), physiological (Heinimaa, 2003; Glover et al., 2009) and morphological 
(von Cramon-Taubadel et al,. 2005; Solem et al., 2006) differences in hatchery vs. wild 
individuals. These differences could entail a poor competitive ability against wild 
populations (Vehanen, 2006), a high vulnerability to predation (Álvarez & Nicieza, 2003; 
Henderson & Letcher, 2003) and inadequate foraging efficiencies (Sundström & Johnsson, 
2001). Therefore, low recapture rates may be also explained by an unsuccessful adaptation 
of stocked juveniles to natural environment, as well as by their genetic origin and degree of 
domestication. Thus, to assess the actual viability of a given stocking programme, it would 
be necessary not only to monitor the successful establishment of released fish but also to 
determine if the effectiveness of the stocking practices could be improved. 
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Nowadays is widely accepted that an appropriate pre-stocking conditioning to natural 
environment allows hatchery-reared fish to improve their post-release adaptation and 
performance (Jonssonn et al., 1999; Mirza & Chivers, 2000; Baer & Brinker, 2008). Up to 
day, there are few studies on the stocking success of Atlantic salmon based on improving 
their foraging efficiency by diet preconditioning. Some of them are based exclusively on 
supplementing hatchery diet with live preys (Reiriz et al., 1998; Ellis et al., 2002; Brown et 
al., 2003a), while others work on social learning and include more experienced conspecifics 
in the rearing tanks (Brown & Laland, 2002; Brown et al., 2003b). However, although 
preconditioned fish seem to get an improvement in their foraging efficiency when released 
in the wild, more research is needed before concluding whether this practice could be 
considered in hatchery rearing procedures. 
 The main goal of the present study is to ascertain the real success of the ongoing stocking 
programmes used to restore threatened wild populations of Atlantic salmon in Southern 
European rivers. Two partial objectives were tackled: i) To determine the stocking 
efficiency (using recapture rate as a surrogate of survival) of hatchery-reared juveniles in a 
stream located in this area. ii) To identify if changes in rearing practices may entail an 
improvement of the stocking programme. In particular, we hypothesized that a change in 
diet quality (commercial pellets vs. natural food sources) prior to release may improve fish 
condition and accelerated growth, thus having beneficial for the adaptation of this species to 
the wild. 
MATERIALS AND METHODS 
Study site 
The stocking efficiency of hatchery-reared Atlantic salmon was studied in 10 reaches of the 
Tea Stream, a fourth order tributary entering the lower basin of the Miño River (Galicia, NW 
Iberian Peninsula). The Tea total length is 54 km, draining a 350 km2 catchment area. It has 
an oceanic pluvial hydrological regime, characterized by low flows in summer and high 
flows in autumn and winter (Pardo, 2000). The geology in the basin is dominated by acid 
sandy soils developed over intrusive granites, which determine many physico-chemical 
stream parameters (e.g., mean annual conductivity of 40.3 ± 1.0 μS cm−2 and mean annual 
pH of 6.2 ± 0.0). Mean annual water temperature for the period 2003–2007 was 14.0 ± 0.8° 
C. The Tea Stream has a well preserved riparian forest, which is especially dense at the 
middle-upper reaches. Tree species composition is dominated by willow (Salix atrocinerea 
and Salix salvifolia), common alder (Alnus glutinosae) and ash (Fraxinus angustifolia). The 
fish assemblage is mainly represented by nine species (Atlantic salmon; brown trout, Salmo 
trutta; chub, Squalius carolitertii; Iberian nase, Pseudochondrostoma duriense; red roach, 
Chondrostoma arcasii; loach, Cobitis paludica; gudgeon, Gobio gobio; eel, Anguilla anguilla 
and lamprey, Petromyzon marinus) (Costas et al., 2009). The study reaches included riffles 
areas (mean current velocity across reaches ± S.E. = 0.34 ± 0.05 m s−1), selected on the basis 
that they represent optimal habitats for salmon juveniles. To minimize post-release 
migration the selected reaches were naturally delimited by big pools at its upper and lower 
boundaries. Mean current velocity (± S.E.) for the upstream pools was 0.11 ± 0.02 m s−1 and 
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0.12 ± 0.01 m s−1 for the downstream pools. The average distance between two successive 
reaches was 3.2 ± 0.6 km (± S.E.). 
The diet preconditioning experiments conducted in this study were performed in an Atlantic 
salmon hatchery situated in Carballedo (Galicia, NW Iberian Peninsula) and in an enclosed 
reach, of 227.7 m2, located in the Tea Stream. To avoid misinterpretation of salmon’s density 
data, selected experimental reach was laterally isolated from the main stream study reaches 
where stocking efficiency was estimated. 
Stocking efficiency study 
In August 2006, hatchery-reared juveniles of Atlantic salmon (fork length 6.0–8.5 cm) were 
released in the 10 selected reaches of the Tea Stream. These juveniles belonged to a stock 
property of the Environmental Department of the Regional Galician Government and were 
reared in the “Carballedo” fish hatchery (SW Galicia) as a part of a stocking programme 
conducted in Galicia since 1995. This stock uses progeny from adults returning to rivers and 
wild parr reared in fresh water tanks until maturity (Saura et al., 2006). All released 
juveniles were marked by the removal of the adipose fin. In accordance with previous 
practices conducted in the Tea Stream, the stocking density was 3 ind m−2, which depending 
on the stocked area per studied reach resulted in the release of 210–1056 individuals (Table 
5.1). 
Densities of Atlantic salmon were obtained by electrofishing, following the successive 
passes without replacement and with a constant effort method (DeLury, 1947). To avoid the 
influence of migration and recruitment in the calculation of fish densities, stream reaches 
were enclosed with block nets on its upstream and downstream limits during surveys. All 
individuals captured were anesthetized with 2-phenoxyethanol (2PE, 0.2 ml l-1 
concentration), measured (fork length), weighed and counted (see Appendix 7). After taking 
selected measures, all individuals were returned to the stream. Fish densities were 
estimated by the “Maximum Weighted Likelihood Method” (Carle & Strub, 1978). Average 
condition (K) and specific growth rates (SGR) were calculated. 
Two weeks prior to the stocking effort (in July 2006) wild salmon densities were also 
monitored at each reach. After stocking, three surveys were conducted: two weeks (S1), six 
weeks (S2) and one year (S3) after the release of the juveniles (i.e., summer 2007). 
Recapture rates of the stocked juveniles of Atlantic salmon were estimated for each occasion 
based on the initial stocking densities. 
Diet preconditioning experiments 
To determine the role that diet switching may have on the post-release adaptation of 
hatchery-reared juveniles of Atlantic salmon to the wild, two simultaneous but independent 
experiments were conducted. As the stock of “Carballedo” was unavailable in 2007 due to a 
winter flood, juveniles (fork length 6.2–9.0 cm) coming from “O Veral” fish hatchery (NE 
Galicia) were transported to “Carballedo” to conduct the experiments (see Appendix 8). 
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Experiment 1: effects of natural vs. artificial diet on the growth of Atlantic 
salmon juveniles in a hatchery environment 
The experimental design included three diet treatments: fish fed on commercial pellets (P); 
fish fed on macroinvertebrates (MC); and fish fed on a mixture of macroinvertebrates and 
pellets (MCP). The commercial pellets were T 1.9 NUTRA SKRETTING (Produced by Trouw 
France 62140). 
Hatchery-reared juveniles were randomly allocated into fifteen (five replicates per 
treatment) 1.5 diameter circular tanks with 0.38–0.45 m water depth. The tanks were 
provided with a fine mesh (0.5 mm) at the bottom to prevent macroinvertebrate losses. 
Seven fish were kept in each tank (total = 105 individuals), corresponding to a density of 3 
ind m−2 which was similar to the density used for stocking. Each day, corresponding tanks 
were either supplied with 1.75 g of pellet (~ 0.25 g per individual), 140 macroinvertebrates 
(~ 20 units per individual) or a mixture of both (i.e., ~ 0.125 g of pellets and~10 
macroinvertebrates per individual). Macroinvertebrate doses were established according to 
estimated consumption rates for stocked salmon in the studied stream (Costas et al. unpubl. 
data). Different physico-chemical parameters (i.e., depth, electric conductivity and water 
temperature and dissolved oxygen on water) were measured three times during the 
experiment, to confirm that all juveniles were being exposed to the same environmental 
conditions. All individuals were measured and weighed once a week and their K and SGR 
calculated. The experiment ran for four weeks (9 August–5 September 2007). 
At the end of the experiment, three individuals per treatment and a sample of pellets and 
macroinvertebrates, were randomly collected and frozen to carry out stable isotope 
analyses (13C, 15N). Three individuals at initial conditions (i.e., beginning of the 
experiment) were also collected to allow before-after comparisons. Three samples of white 
muscle from each individual were removed, dried at 50–60° C for 48h and ground to 
powder. The same process was carried out on pellet and macroinvertebrate samples. Prior 
to conduct any isotopic analysis, each fraction of fish samples was lipid depleted following a 
chloroform/methanol/water protocol (Bligh & Dyer, 1959). 
Experiment 2: effects of diet preconditioning on the adaptation of 
hatchery-reared juveniles of Atlantic salmon at post-release to natural 
stream 
This experiment was conducted to test whether a prior exposure to live preys might 
improve the post-release adaptation of stocked hatchery-reared juveniles to natural 
environment. 
An initial population of 750 hatchery-reared salmon juveniles was randomly divided into 
two groups of 375 individuals. One group was fed on commercial pellets (P) and the other 
one on macroinvertebrates (MC). The same food doses as Experiment 1 were used. This 
experiment started on 10th August 2007 and ran for 5 weeks. Initially, the juveniles were 
reared for two weeks in the same type of tanks used in Experiment 1 (one per treatment). 
Individuals of P and MC treatments were identified with different marks in the adipose fin 
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(total vs. partial removal). After these two weeks, juveniles were released into the enclosed 
reach in the Tea Stream at a density of 3 ind m−2 (1.5 MC ind m−2 + 1.5 P ind m−2) (see 
Appendix 8). To prevent downstream migration of fish, two block nets (1 and 5 mm mesh 
size respectively) separated by 2 m were placed at the lower end of the reach. The thinner 
net was placed downstream and used to avoid fish migration, while the thicker net was used 
to avoid potential clogs caused by leaves and debris on the thinner net. At its upper end, the 
reach was limited by a fish capture station which gates remained closed during the study 
period, thus avoiding immigration of new fish. Experimental fish were monitored in two 
occasions (one and three weeks after release) by electrofishing, taking length and weight 
measures. K and SGR were also calculated. 
Prior to the release of experimental fish, food availability (i.e., macroinvertebrate densities) 
(see Appendix 9) and the existing fish assemblages (see Appendix 10) were monitored in the 
selected reach. Four benthic samples were taken with a Surber net (0.09 m2, mesh size 100 
μm) and stored in 70 % ethanol. Macroinvertebrates were sorted, identified and counted. 
Mean macroinvertebrates density in the study reach was 4225 ± 1576 ind m−2. See also 
Appendix 11. 
Statistical analyses 
The average condition factor (K) and the specific growth rate (SGR) were calculated as 
follows:  
K = 100 x (W/L3)        (1) 
where W and L represent, respectively, the weight (g) and length (cm) of each juvenile 
captured per reach and survey occasion. 
SGR = [(lnW2  - lnW1 )/(t2  -  t1)] x 100     (2) 
where W2 and W1 are the mean weight (g) at times 2 and 1, while (T2-T1) represent the 
number of days between two consecutive surveys (times 2 and 1) in each reach. 
Recapture rates of stocked salmon were normally distributed. Data of densities of stocked 
and wild salmon satisfied this assumption after a square root transformation. Thus, linear 
regression analyses were performed to look for longitudinal patterns on these parameters 
along the Tea Stream during the different post-stocking surveys in the stocking efficiency 
study. 
Given that data on lengths, weights, K and SGR didn’t satisfy assumptions for parametric 
analysis (nor for the stocking efficiency study or the preconditioning experiments); non-
parametric tests were applied to these data (Kruskall-Wallis and Mann–Whitney U-tests). 
When necessary, Bonferroni test for multiple comparisons was applied to correct type 1 
errors. 
 
 
ATLANTIC SALMON CONSERVATION 
 
 
121 
A parametric one way ANOVA followed by HSD Tukey pair-wise comparisons was used to 
assess for differences in the isotopic composition of reared juveniles among treatments in 
the preconditioning experiments. All statistical analyses were performed with the SPSS vs. 
15.0 software for Windows. 
RESULTS 
Stocking efficiency study 
Two weeks after the release of the hatchery-reared salmons in the Tea Stream in summer 
2006, their mean recapture was 14.8 ± 0.9% (mean ± S.E.) across all studied reaches. 
Recapture rates were also maintained after 45 days (13.4 ± 1.7%). Regression analyses 
between recapture rates per stream reach and reach distance to the mouth, showed that 
there was no longitudinal pattern in any of these two surveys (S1 R2 = 0.057, P = 0.506; S2 
R2 =0.081, P = 0.427). One year after (S3), the recaptures fell to a mean of 0.5 ± 0.1% across 
all studied reaches. Therefore, the stocking density of 3 ind m−2 decreased to a mean of 
0.014 ± 0.004 ind m−2 along this period. For this 3rd survey the regression analyses showed a 
clear longitudinal pattern of decreasing salmon recaptures with proximity to the stream 
mouth (S3 R2 = 0.702, P = 0.005). Similar patterns were observed when analysing the 
densities of the stocked salmons along the stream, finding that their densities decreased 
with proximity to the mouth only during the last survey (S3 R2 = 0.620, P = 0.012) (Fig. 5.1). 
However, an opposite pattern was observed for wild salmon (Fig. 5.1). There was a clear 
increase of their density with proximity to the mouth in all sampling dates (S1 R2 = 0.735, S2 
R2 = 0.504, S3 R2 = 0.674; all P <0.05) (Fig. 5.1). Moreover, in most reaches the densities of 
wild salmons remained highly stable over the monitoring period. 
There were no patterns resulting from the analysis of biometric data when reaches were 
analysed individually. The mean length and weight values for the stocked juveniles per 
reach and survey are shown in Table 5.1. There was one stream reach (site code = FOX) 
which showed the highest biometric values throughout the study, while the one closest to 
the stream mouth (site code = MUI) showed the lowest values (Table 5.1). A general 
decrease in the K of stocked Atlantic salmon was observed a month after their release (S2, 
mean K ± S.E. = 1.00 ± 0.03), in relation with the first survey (S1, mean K ± S.E. = 1.11 ± 0.04) 
(Wilcoxon test with 0.025 level of significance after Bonferroni correction, Z= −2.293, P = 
0.022). However, after a year (S3), the K values (mean ± S.E. = 1.22 ± 0.02) were greater 
than those observed in S2 (Wilcoxon test with 0.025 level of significance after Bonferroni 
correction, Z = −2.521, P = 0.012). The mean SGR of stocked salmons across stream reaches 
was 0.26 ± 0.19% between S1 and S2 and 0.55 ± 0.02% between S2 and S3. 
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Figure 5.1. Predicted linear regressions between the mean densities (square 
root transformed) of stocked (○) and wild (▲) Atlantic salmon (Salmo salar) 
and the location of the study reaches along the Tea Stream. Figure shows the 
results for the three post-stoking surveys (S1, S2 and S3) conducted. 
*Significant regression at P <0.05 
ATLANTIC SALMON CONSERVATION 
 
 
123 
 
 
Table 5.1. Development of the length and weight (± S.E.) of the stocked (RS) Atlantic salmon (Salmo 
salar), during the 3 surveys (S1, S2 and S3) performed after the stocking of the hatchery-reared Atlantic 
salmon along the Tea Stream. The table also indicates the codes, areas, distances from the mouth and 
number of salmon released at each of the sampling sites. 
 
Diet preconditioning experiments 
Experiment 1 
There were no differences in the initial size of the juveniles used in this experiment 
(Kruskal-Wallis, length X2 = 0.409, P = 0.815; weight X2 = 0.364, P = 0.834). However, a 
significant effect for diet was observed at the end of the experiment (Kruskal-Wallis, length 
X2 = 9.553, P = 0.008; weight X2 = 9.506, P = 0.009). Length, weight and K values of juveniles 
fed only with macroinvertebrates (MC) were significantly lower than those fed on 
commercial pellets (P) or on the mixture diet (MCP) (all Mann–Whitney U-tests, P <0.017 
after Bonferroni corrections for each variable) (Fig. 5.2). No differences were found 
between P and MCP individuals (all Mann–Whitney U-tests, P >0.017 after Bonferroni 
corrections for each variable) (Fig. 5.2). Similarly, SGR of juvenile salmons varied among 
treatments (Kruskal-Wallis, X2 = 10.519, P = 0.005). The SGR estimated for the MC juvenile 
salmons (mean ± S.E. = 0.02 ± 0.05%) was significantly lower than for the MCP (0.96 ± 
0.16%) or P ones (0.77 ± 0.03%) (Mann–Whitney U-tests with 0.017 level of significance 
after Bonferroni correction, MC-MCP U = 0.000, P= 0.009; MC-P U = 0.000, P = 0.009) (Fig. 
5.2). There were no differences in SGR between MCP and P juvenile salmons (Mann–
Whitney U-test with 0.017 level of significance after Bonferroni correction, U = 5.000, P = 
0.117). 
The levels of δ15N were higher in the commercial pellets (mean ± S.E. = 13.89 ± 0.03) than in 
the macroinvertebrates used in the experiments (6.51 ± 0.01). In agreement with these 
differences on N contents, a significant effect of diet on the δ15N composition of juvenile 
salmons was observed (ANOVA, F2,6  = 5.817, P =0.039).  δ15N values were higher in juveniles 
fed on commercial pellets (P) than in those fed on macroinvertebrates (MC) (HSD Tukey P = 
0.033) (Fig. 5.3). However, no differences were observed between juveniles from both 
treatments and those under mixed diet (MCP) (HSD Tukey, MCP-MC P = 0.247; MCP-P P = 
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0.313) (Fig. 5.3). Salmons under the MCP treatment were located at an intermediate 
position between MC and P in terms of their δ15N content (Fig. 5.3). Regarding δ13C content 
there was no difference among treatments (ANOVA, F2,6 = 4.368, P = 0.068) (Fig. 5.3). 
There were no differences in physico-chemical parameters in the tanks among treatments 
during the study (all Kruskal Wallis, P  >0.05). 
 
Fig 5.2.  Final length, weight and specific growth rate (SGR) of the juveniles of hatchery-reared Atlantic 
salmon (Salmo salar) fed on three different diets in Experiment 1:  live preys (MC),   live preys and 
pellets (MCP),  pellets (P). Bars indicate ± S.E. Horizontal continuous lines indicate the average values 
of length and weight at the beginning of the experiment and discontinuous lines indicate ± S.E. 
Experiment 2 
The initial size of juvenile salmons used in this experiment was similar (Mann–Whitney U-
tests, length U = 14875.5, P = 0.644; weight U = 13271.5, P = 0.570). At the end of the 
experimental rearing period, juveniles fed on pellets reached a higher K than those fed on 
macroinvertebrates (Mann–Whitney U-test with 0.006 level of significance after Bonferroni 
correction, U = 2167, P = 0.000) [Fig. 5.4(a)]. This fact was attributed to the higher weight 
observed in those individuals fed on pellets prior to their release in the enclosed reach 
(Mann–Whitney U-test with 0.006 level of significance after Bonferroni correction, U = 
46564.5, P = 0.000) [Fig. 5.4(b)]. The condition factor (K) of the pellet fed juveniles at the 
release moment was similar to that observed in similar-sized wild salmons (WS) found in 
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the enclosed reach during field surveys (Mann–Whitney U-test with 0.006 level of 
significance after Bonferroni correction, U = 1310, P = 0.539) [Fig. 5.4(a)]. 
 
Fig 5.3.  Mean isotopic values of the juveniles of Atlantic salmon (Salmo salar) fed on pellets (P), 
macroinvertebrates (MC) and mixture (MCP) observed in Experiment 1. Mean isotopic values of the 
initial population are also shown. Bars indicate ± S.E. 
A week after the release of hatchery-reared juveniles (S1) in the enclosed reach, P 
individuals suffered a sudden K decrease, attributed to a decrease in their weight [Fig. 
5.4(b)]. Whereas the MC individuals maintained a similar K to the initial one when released 
[Fig. 5.4(a)]. K values for both diet treatments were lower than values obtained for WS 
(Mann–Whitney U-tests with 0.006 level of significance after Bonferroni correction, P-WS U 
= 470, P = 0.005; MC-WS U = 362.5, P = 0.006) [Fig. 5.4(a)]. However, three weeks after 
salmons release (S2) K values for both treatments were at similar levels to those estimated 
for WS (Mann–Whitney U-tests with 0.006 level of significance after Bonferroni correction, 
P-WS U  = 176.5, P = 0.186; MC-WS U = 144.5, P = 0.193) [Fig. 5.4(a)]. There were no size 
differences (juveniles length and weight) between treatments at the end of the experiment 
(Mann–Whitney U-tests with 0.006 level of significance after Bonferroni corrections for 
each variable, length U= 2603, P =0.089; weight U = 2716, P = 0.186) [Fig. 5.4(b) and 5.4(c)]. 
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Fig 5.4. Development of the mean condition factor (a), weight (b) and length (c) of the juveniles of 
Atlantic salmon (Salmo salar) fed on pellets (P) and macroinvertebrates (MC) during field surveys of 
Experiment 2. Values for same aged wild salmons (WS) are also indicated. Bars indicate ± S.E. 
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DISCUSSION 
Stocking efficiency 
As hatchery-reared fish often show low post-release performance and survival (Suboski & 
Templeton, 1989; Brown & Laland, 2001; Aprahamian et al., 2003), recapture rates 
observed in the Tea Stream were not surprising. In fact, recaptures found 45 days after the 
juveniles’ release (7.8–21.4%) were in agreement with previous studies. For example, in 
streams of NW England Aprahamian et al. (2004) estimated recapture rates of 1.2–26.2% 
and rates of 3.5–32.0 % were accounted in small rivers of Lithuania (Virbickas & Kesminas, 
2002). These results emphasize that high losses of stocked fish occur within the first months 
after release (Kristiansen et al., 2000; Brown & Laland, 2001). Most post-release dispersal of 
stocked salmonids also occurs within this period (Jokikokko, 1999), thus this fact could have 
affected our recapture data during S1–S2 and further research evaluating this effect should 
also be considered. Virbickas & Kesminas (2002) showed higher stocked juveniles 
recaptures in reaches with restricted fish migration (by the existence of weirs) than in 
unrestricted ones. Besides, it is known that in their first summer salmon juveniles actively 
avoid slow flowing waters (Armstrong et al., 2003). Thus, aiming to reduce fish dispersal in 
this study the stocking reaches were naturally runs limiting by pools. 
The recapture rates estimated after a year (0.0–1.1%) were slightly lower than for other 
studies in colder streams. Aprahamian et al. (2004) found values at the end of the second 
summer ranging from 1.8 to 5.1% for an equal stocking density. However, as different 
authors stated for wild salmon in this warm area (see in example Nicieza et al., 1991), 
perhaps a portion of the released juveniles were able to grow well enough to smolt in spring 
2007 and migrate prior to our last survey, conducted in summer 2007. This fact may be 
hindering our data. 
The identification of habitat conditions in rivers is also important to improve the success of 
different salmonids (Boisclair, 2004; Burnett et al., 2007). The existing fish assemblages 
inhabiting a stream (Scott et al., 2005; Ward et al., 2008) and the physico-chemical 
conditions often determine distribution, growth and survival of Atlantic salmon (Hendry & 
Cragg-Hine, 2003; Boisclair, 2004). There were no significant differences in the stocking 
efficiencies of salmon along the Tea Stream during the first surveys (S1–S2). Therefore, 
these values may not be attributed to habitat differences among reaches, but instead to 
factors equally influencing all juveniles released, independently of stream reach. For 
example, although food availability is high in this stream (Costas et al. unpubl. data), it 
would be expected that the change from commercial to natural food could influence the 
success of stocked salmon. In fact, hatchery-reared fish often show inadequate foraging 
habits and efficiencies once released (Munakata et al., 2000; Brown & Day, 2002; Munakata 
et al., 2005). However, after a year, densities of stocked salmon showed a clear decreasing 
pattern towards the proximity to the stream mouth. While wild salmon showed an opposite 
pattern over the whole study period. These opposite trends in their distribution could 
potentially indicate the existence of some kind of competitive interaction. Nevertheless, the 
existence of this interaction should be specifically tested. Besides, these patterns may also 
be partially explained by longitudinal variations in the previously mentioned smolting and 
migration of stocked salmons in spring. 
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When stocking efforts are beyond the system’s carrying capacity, high losses of stocked 
salmonids may occur (Aprahamian et al., 2003). Thus, it should be considered that observed 
recapture rates may be explained by overstocking. Recommended stocking densities for 
reaches of differing habitat often range from 0.6–1.8 juveniles m−2 (Aprahamian et al., 
2003). Once ascertained that low recaptures are not a consequence of local factors or over-
stocking, performance and condition of hatchery reared salmons should be considered to 
improve their post-release efficiency. 
Diet conditioning 
Often, prior conditioning to natural environment positively improves post-release success of 
hatchery-reared fish. Contrary to other investigations based on natural food conditioning 
(see for example Brown et al., 2003a), our results showed that this practice may not entail 
an adaptation advantage for salmons stocked in the Tea Stream. Several papers mentioned 
poor K values as a consequence of inadequate post-release foraging (Suboski & Templeton, 
1989; Lasenby & Kerr, 2001). Accordingly, a clear K decrease occurred immediately after 
hatchery-reared juveniles were first exposed to live preys in our experiments. In general, 
when fish were at the hatchery, growth rates of salmon fed exclusively on natural diet were 
lower than those fed on pellets. However both groups attained similar growth values at the 
end of the field period. Moreover, no biometric differences were found between salmons fed 
on pellets and salmons fed on mixed diet. Thus, contrary to our initial expectations it seems 
that in terms of growth there is no benefit on preconditioning hatchery salmon to live preys. 
In other hand, although it is out of the objectives of this study it is still necessary to take 
survival and migration measures to determine the real utility of these procedures. 
Besides growth or condition changes, many studies suggested the utility of isotopic analyses 
to establish diet differences and patterns of adaptation to new resources (Tominaga et al., 
2003; Dempson & Power, 2004; Schlechtriem et al., 2004). In fact, the isotopic differences 
observed among treatments in Experiment 1 reflected the differences in their food 
composition. However, further research may be required into this field to determine 
whether this type of analysis may be viable in rearing practices. 
Implications and future research 
As a consequence of its borderline situation at the thermal limit of distribution for the 
Atlantic salmon, the population sizes existing in Galicia have been highly variable along 
time. Thus, although the Tea Stream is one of the few rivers sustaining stable wild 
populations in Galicia at the beginning of XXI century (Hervella, 2002), factors conditioning 
this high variability may entail great difficulties for a successful stocking effort in this 
suboptimal range. In fact, findings reported in this study reinforce this affirmation, 
supporting many of the asseverations related to post-stocking survival of hatchery-reared 
Atlantic salmon. This study also reveals that there is still a need to explore potential factors 
conditioning the establishment, survival and adaptation of stocked salmon juveniles at a 
local scale, prior to conclude if it is a feasible practice to preserve populations in this area. 
Due to the special location of the studied stream and its potential to sustain wild 
populations, these efforts may be of vital importance. Besides, the experiments carried out 
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in this study showed that supplying hatchery-reared juveniles with natural diet prior to 
release does not significantly improve their success in the wild in terms of growth. In fact, 
the results obtained in this study may serve as a starting point for more detailed ecological 
research in the study stream. 
Acknowledgments 
 We would like to thank Fernando R. Brea for his organizational schemes in the field. We are 
especially grateful to Mar Domínguez and Daniel Costal for their assistance on the field and 
experimental work and to Pablo Caballero for his help when setting up the experiments in 
the Carballedo hatchery. This study was supported by the Galician government (Consellería 
de Medio Ambiente, Xunta de Galicia), as a part of the project V516 122D 6450211. Funds to 
N.C. were provided by a Predoctoral grant (Xunta de Galicia, Programa de Recursos 
Humanos do Plan Galego de Investigación, Desenvolvemento e Innovación Tecnolóxica-
Incite, Programa María Barbeito). 
REFERENCES 
Álvarez, D. & Nicieza, A.G. (2003). Predator avoidance behaviour in wild and hatchery-reared brown 
trout: the role of experience and domestication. Journal of Fish Biology 63, 1565–1577. 
Aprahamian, M.W., Martin Smith, K., McGinnity, P., McKelvey, S. & Taylor, J. (2003). Restocking of 
salmonids-opportunities and limitations. Fisheries Research 62, 211–227. 
Aprahamian, M.W., Barnard, S. & Farooqi, M.A. (2004). Survival of stocked Atlantic salmon and coarse 
fish and an evaluation of costs. Fisheries Management and Ecology 11, 153–163. 
Armstrong, J.D., Kemp, K.S., Kennedy, G.J.A., Ladle, M. & Milner  N.J. (2003). Habitat requirements of 
Atlantic salmon and Brown trout in rivers and streams. Fisheries Research 62, 143–170. 
Baer, J. & Brinker, A. (2008). Pre-stocking acclimatisation of brown trout Salmo trutta: effects on 
growth and capture in a fastflowing river. Fisheries Management and Ecology 15, 119–126. 
Blanco, G., Ramos, M.D., Vázquez, E. & Sánchez, J.A. (2005). Assessing temporal and spatial variation 
in wild populations of Atlantic salmon with particular reference to Asturias (Northern Spain) 
rivers. Journal of Fish Biology 67(suppl A), 169–184. 
Bligh, E.G. & Dyer, W.J. (1959). A rapid method for total lipid extraction and purification. Canadian 
Journal of Biochemistry and Physiology 37, 911–917. 
Boisclair, D. (2004). The status of Atlantic salmon (Salmo salar): populations and habitats. Canadian 
Journal of Fisheries and Aquatic Sciences 61, 2267–2270. 
Brown, C. & Day, R. (2002). The future of stock enhancements: lessons for hatchery practice from 
conservation biology. Fish and Fisheries 3, 79–94. 
Brown, C. & Laland, K .(2001). Social learning and life skills training for hatchery reared fish. Journal 
of Fish Biology 59, 471–493. 
CHAPTER 5 
 
 
130 
Brown, C. & Laland, K. (2002). Social enhancement and social inhibition of foraging behaviour in 
hatchery-reared Atlantic salmon. Journal of Fish Biology 61, 987–998. 
Brown, C., Davidson, T. & Laland, K. (2003a). Environmental enrichment and prior experience of live 
prey improve foraging behaviour in hatchery-reared Atlantic salmon. Journal of Fish Biology 
63 (suppl A), 187–196. 
Brown, C., Markula, A. & Laland, K. (2003b). Social learning of prey location in hatchery-reared 
Atlantic salmon. Journal of Fish Biology 63, 738–745. 
Burnett, K.M., Reeves, G.H., Miller, D.J., Clarke, S., Vance-Borland, K. & Christiansen, K. (2007). 
Distribution of salmon-habitat potential relative to landscape characteristics and 
implications for conservation. Ecological Applications 17, 66–80. 
Carle, F.L. & Strub, M.R. (1978). A new method for estimating population size from removal data. 
Biometrics 34, 621–630. 
Cemagref (2008, December 17). Climate change: a dark future for migratory fish. Science Daily. 
Available at: http://www.sciencedaily.com/releases/2008/12/081212143527.htm [accessed 21 
/4/2010]. 
Costas. N., Álvarez, M. & Pardo, I. (2009). Characterization of an Atlantic salmon Salmo salar stream at 
the southern limit of its eastern Atlantic distribution. Journal of Fish Biology 75, 2552–2570. 
Cowx, I.G. (1994). Stocking strategies. Fisheries Management and Ecology 1, 15–30. 
DeLury, D.B. (1947). On the estimation of biological populations. Biometrics 3, 145–167. 
Dempson, J.B. & Power, M. (2004). Use of stable isotopes to distinguish farmed from wild Atlantic 
salmon, Salmo salar. Ecology of Freshwater Fish 13, 176–184. 
Einum, S. & Fleming, I.A. (2001). Implications of stocking: ecological interactions between wild and 
released salmonids. Nordic Journal of Freshwater Research 75, 56–70. 
Ellis, T., Hughes, R.N. & Howell, B.R. (2002). Artificial dietary regime may impair subsequent foraging 
behaviour of hatchery reared turbot released into the natural environment. Journal of Fish 
Biology 61, 252–264. 
Glover, K.A., Otterå, H., Olsen, R.E., Slinde, E., Taranger, G.L. & Skaala, Ø. (2009). A comparison of 
farmed, wild and hybrid Atlantic salmon (Salmo salar L.) reared under farming conditions. 
Aquaculture 286, 203–210. 
Heinimaa, S. (2003). Juvenile years of Atlantic salmon in the wild and in hatchery: ecophysiological 
differences. Doctoral dissertation. Acta Universitatis Ouluensis. A 407. Oulu, Finland. 
Henderson, J.N. & Letcher, B.H. (2003). Predation on stocked Atlantic salmon (Salmo salar) fry. 
Canadian Journal of Fisheries and Aquatic Sciences 60, 32–42. 
Hendry, K. & Cragg-Hine, D. (2003). Ecology of the Atlantic salmon. Conserving Natura 2000 Rivers  
Ecology Series 7. English Nature, Peterborough.  
Hervella, F. (2002). El salmón atlántico en los ríos gallegos. In: II Jornadas del Salmón Atlántico en la 
Península Ibérica. Xunta de Galicia, pp. 23–45. 
ATLANTIC SALMON CONSERVATION 
 
 
131 
Huntingford, F.A. (2004). Implications of domestication and rearing conditions for the behaviour of 
cultivated fishes. Journal of Fish Biology 65(suppl A), 122–142. 
Huntingford, F.A. & Garcia de Leaniz, C. (1997). Social dominance, prior residence and the acquisition 
of profitable feeding sites in juvenile Atlantic salmon. Journal of Fish Biology 51, 1009–1014. 
Jokikokko, E. (1999). Density of brown trout, Salmo trutta L., and Atlantic salmon, Salmo salar L., parr 
after point and scatter stocking of fry. Fisheries Management and Ecology 6, 475–486. 
Jonsson, B. & Jonsson, N. (2006). Cultured Atlantic salmon in nature: a review of their ecology and 
interaction with wild fish. ICES Journal of Marine Science 63, 1162–1181. 
Jonssonn, S., Brännäs, E. & Lundqvist, H. (1999). Stocking of brown trout, Salmo trutta L.: effects of 
acclimatization. Fisheries Management and Ecology 6, 459–473. 
Kristiansen, T.S., Otterå, H. & Svåsand, T. (2000). Size-dependent mortality of juvenile Atlantic cod, 
estimated from recaptures of released reared cod and tagged wild cod. Journal of Fish Biology 
56, 687–712. 
Lasenby, T.A. & Kerr, S.J. (2001). Brown trout stocking: an annotated bibliography and literature 
review. Fish and Wildlife Branch, Ontario Ministry of Natural Resources. Peterborough, 
Ontario. 187 p. + appendices. 
Mather, M.E., Parrish, D.L., Campbell, C.A., McMenemy, J.R. & Smith, J.M. (2008). Summer temperature 
variation and implications for juvenile Atlantic salmon. Hydrobiologia 603, 183–196. 
McNeil, W.J. (1991). Expansion of cultured Pacific salmon into marine ecosystems. Aquaculture 98, 
173–183. 
Metcalfe, N.B., Valdimarsson, S.K. & Morgan, I.J. (2003). The relative roles of domestication, rearing 
environment, prior residence and body size in deciding territorial contests between hatchery 
and wild juvenile salmon. Journal of Applied Ecology 40, 535–544. 
Mirza, R.S. & Chivers, D.P. (2000). Predator-recognition training enhances survival of brook trout: 
evidence from laboratory and field-enclosure studies. Canadian Journal of Zoology 78, 2198–
2208. 
Morán, P., Perez, J., Dumas, J., Beall, E. & García-Vázquez, E. (2005). Stocking-related patterns of 
genetic variation at enzymatic loci in south European Atlantic salmon populations. Journal of 
Fish Biology 67(suppl A), 185–199. 
Munakata, A., Björnsson, B.Th., Jönsson, E., Amano, M., Ikuta, K., Kitamura, S., Kurosawa, T. & Aida, K. 
(2000). Post-release adaptation processes of hatchery-reared honmasu salmon parr. Journal 
of Fish Biology 56, 163–172. 
Munakata, A., Amano, M., Kitamura, S., Ikuta, K. & Aida, K. (2005). Foraging and growth of hatchery-
reared honmasu salmon parr in a natural river. Journal of the World Aquaculture Society 36, 
411–415. 
Nicieza, A.G., Braña, F. & Toledo, M.M. (1991). Development of I-bimodality and  melting in wild stocks 
of Atlantic salmon, Salmo salar L., under different growth conditions. Journal of Fish Biology 
38, 509–523. 
CHAPTER 5 
 
 
132 
Pardo, I. (2000). Patterns of community assembly in a fourth order stream. Archiv für Hydrobiologie 
148, 301–320. 
Parrish, D.L., Behnke, R.J., Gephard, S.R., McCormick, S.D. & Reeves, G.H. (1998). Why aren’t there 
more Atlantic salmon (Salmo salar)? Canadian Journal of Fisheries and Aquatic Sciences 
55(suppl 1), 281–287. 
Perry, A.L., Low, P.J., Ellis, J.R. & Reynolds, J.D. (2005). Climate change and distribution shifts in 
marine fishes. Science 308, 1912–1915. 
Prignon, C., Micha, J.C., Rimbaud, G. & Philippart, J.C. (1999). Rehabilitation efforts for Atlantic salmon 
in the Meuse basin area: synthesis 1983–1998. Hydrobiologia 410, 69–77. 
Reiriz, L., Nicieza, A.G. & Braña, F. (1998). Prey selection by experienced and naive juvenile Atlantic 
salmon. Journal of Fish Biology 53, 100–114. 
Saura, M., Caballero, P., Caballero, A. & Morán, P. (2006). Genetic variation in restored Atlantic salmon 
(Salmo salar L.) populations in the Ulla and Lérez rivers, Galicia, Spain. ICES Journal of Marine 
Science 63, 1290–1296. 
Schlechtriem, C., Focken, U. & Becker, K. (2004). Stable isotopes as a tool for nutrient assimilation 
studies in larval fish feeding on live food. Aquatic Ecology 38, 93–100. 
Scott, R.J., Poos, M.S., Noakes, D.L.G. & Beamish, F.W.H. (2005). Effects of exotic salmonids on juvenile 
Atlantic salmon behaviour. Ecology of Freshwater Fish 14, 283–288. 
Solem, Ø., Berg, O.K. & Kjøsnes, A.J. (2006). Inter- and intra-population morphological differences 
between wild and farmed Atlantic salmon juveniles. Journal of Fish Biology 69, 1466–1481. 
Suboski, M.D. & Templeton, J.J. (1989). Life skills training for hatchery fish: social learning and 
survival. Fisheries Research 7, 343–352. 
Sundström, L.F. & Johnsson, J.I. (2001). Experience and social environment influence the ability of 
young brown trout to forage on live novel prey. Animal Behaviour 61, 249–255. 
Tominaga, O., Uno, N. & Seikai, T. (2003). Influence of diet shift from formulated feed to live mysids 
on the carbon and nitrogen stable isotope ratio (δ13C and δ15N) in dorsal muscles of 
juvenile Japanese flounders, Paralichthys olivaceus. Aquaculture 218, 265–276. 
Valiente, A.G., Juanes, F. & Garcia-Vazquez, E. (2005). Reproductive strategies explain genetic 
diversity in Atlantic salmon, Salmo salar. Environmental Biology of Fishes 74, 323–334. 
Vehanen, T. (2006). Intra- and interspecific competition in hatchery landlocked salmon and brown 
trout in semi-natural streams. Environmental Biology of Fishes 76, 255–264. 
Virbickas, T. & Kesminas, V. (2002). Salmon (Salmo salar) and seatrout (Salmo trutta) restocking 
efficiency in potential rivers of Lithuania. Initial study. Acta Zoologica Lituanica 12, 129–137. 
von Cramon-Taubadel, N., Ling, E.N., Cotter, D. & Wilkins, N.P. (2005). Determination of body shape 
variation in Irish hatchery-reared and wild Atlantic salmon. Journal of Fish Biology 66, 1471–
1482. 
ATLANTIC SALMON CONSERVATION 
 
 
133 
Ward, D.M., Nislow, K.H. & Folt, C.L. (2008). Do native species limit survival of reintroduced Atlantic 
salmon in historic rearing streams? Biological Conservation 141, 146–152. 
WWF (2001). The status of Wild Atlantic salmon: A river by river assessment. Available at: 
http://www.panda.org/about_our_earth/blue_planet/publications/?3729/TheStatus-of-Wil 
d-Atlantic-Salmon-A-River-by-River-Assessment [accessed 27/5/2009]. 
 
 
 
 
 
 
 
 
  
CHAPTER 6 
 
 GENERAL CONCLUSIONS AND 
FUTURE RESEARCH 
 
 
 
 
 
 
 
 
© marevision 
  
 
 
 
GENERAL CONCLUSIONS AND FUTURE RESEARCH 
 
 
137 
Results obtained from this Thesis should be useful when approaching the conservation of 
biodiversity in the Tea Stream, they will as well contribute to establish the ecological basis 
for the sustainable management of the Atlantic salmon in the Southern limit of its European 
distribution. The main conclusions corresponding to each of the objectives addressed in this 
Thesis are discussed in the present chapter with basis on the context provided in the initial 
list of objectives.  Future research guidelines are also given at the conclusions end. 
CHAPTER 2: FISH COMMUNITIES AND HABITAT 
1. According to the patterns commonly observed for most lotic systems, in the 
Tea Stream fish communities increase in species richness, diversity and 
density downstream, coinciding with an increase in the stream carrying 
capacity. Besides, the Tea Stream doesn’t exhibit the typical fish distributional 
pattern of salmon rivers with fish species replacement, instead there is a 
downstream addition of fish species. Trout appeared as the numerically 
dominant fish specie along the stream (independently of stream position), 
followed by eel. Both number and abundance of cyprinid species clearly 
increased with proximity to the Tea mouth in the main channel of the Miño 
River. 
2. Two main fish assemblages are maintained inter-annually along the stream, 
allowing the differentiation among mid- and downstream reaches according to 
fish fauna composition. Furthermore, the habitat physico-chemical 
characteristics also allowed a rather similar longitudinal differentiation among 
reaches. Thus, both abiotic and biotic features in the stream allow the 
differentiation of two stream treatments (midstream vs. downstream) to 
analyze several hypotheses in further studies. This approximation would be 
useful in those studies requiring replication, but it also allows the maintenance 
of a longitudinal perspective at some extent. 
3. The fish community in the Tea Stream is mainly determined by factors 
associated to whole catchment processes, rather than processes and factors at 
meso-habitat scale. Discharge, dissolved oxygen and flow velocity gradients 
appeared as the main descriptors determining the structure and composition 
of the mentioned fish community. 
4. Atlantic salmon presence was higher in the downstream part of the Tea with 
respect to the midstream studied reaches. During the last decades the studied 
length of the stream has been subject to Atlantic salmon juveniles stocking, at 
equal densities independently of river position. However, the midstream 
stocking sites in spite of being selected in basis of the existence of suitable 
meso-habitat conditions for salmon are not retaining stable wild populations. 
Although stocking efforts seem to being more effective in the midstream zone 
(see conclusions of Chapter 5), stocking plans may be overestimating suitable 
habitat for this species, not taking into consideration major biotic or abiotic 
determinant factors that should be included, for improving the outcome of 
conservation efforts for the species in this stream. 
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CHAPTER 3: FISH COMMUNITIES AND ENERGY FLUXES 
5. Stable isotope analysis represented a powerful tool for evaluating trophic 
issues in the Tea Stream. However, its use appeared rather complicated by the 
great sources of variability found and that should be considered for an 
appropriate study design and interpretation of results. 
6. Isotopic composition of most food web components within the Tea Stream, 
exhibited a significant wide range of natural variability corresponding to 
stream position and year of study. 
7. Results with stable isotope analysis indicate that periphyton and alder leaves 
represented the major basal sources fuelling food webs all along the studied 
length of the Tea Stream. The evaluation of main basal sources and trophic 
relationships, to approach both bottom-up and top-down regulation, would be 
of high utility for the management of biodiversity in the Tea Stream. The 
importance of both autochthonous and allochthonous basal sources in the 
stream, stress the importance of preserving both the within stream conditions 
and the riparian areas. 
8. The Tea stream food web structure and trophic processes should be 
approached from a site by site perspective (even considering longitudinal 
shifts), instead of aiming to extract general patterns for the whole stream by 
pooling data from different areas. Similarly, results from a single reach 
shouldn’t be representative of the whole stream. 
9. The level of taxonomic resolution, the absence of specific fractionation factors, 
ontogenetic shifts and sampling limitations, appeared as major challenges to 
the appropriate application of SIA in the Tea Stream. Besides, the combination 
of SIA and GCA emerged as a very useful perspective to detect gaps in the 
study design, allowing a better data interpretation. 
10. The obtained data will provide a spatio-temporal framework that can be used 
to predict the outcome of management measures when considering trophic 
interactions. 
CHAPTER 4: FISH COMMUNITIES AND TROPHIC INTERACTIONS 
11. The benthic community of the Tea Stream allowed a clear separation between 
mid- and downstream reaches, as it happened with the physico-chemical and 
fish community attributes in Chapter 2. Rather confirming the treatment 
separation for further studies in the stream. 
12. Besides, the invertebrate benthic assemblages were diverse and abundant 
enough to support the salmonid community during the studied period. All 
salmonid categories appeared as generalist predators, most of them combining 
some abundant preys with several occasional ones. However, certain degree of 
specialization over those common and abundant preys (i.e., Chironomidae and 
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Simuliidae) was found, and the possibility of resource limitations should 
appear if these resources become scarce at some moment, and fish are not able 
to switch their preferences to other preys. 
13. As expected, the dietary overlap was quite high both among salmonid species 
and sizes, and the existence of possible food limitations due to decline in the 
mentioned abundant and selected preys may unleash increasing trophic 
interactions (i.e., competition, predation…). Thus, it could be concluded that 
the potential for food competition among salmonids in the stream exists. 
14. There is a clear size dependent predation phenomenon for salmonids in the 
Tea Stream, with studied fish consuming mainly small invertebrates during its 
first year and adding bigger individuals and terrestrial preys as they grow up. 
The biggest salmonids also exhibited certain resource partitioning and 
specialization patterns, as big preys were not the most abundant in the stream 
and this strategy probably limits competition. 
15. In a context of food limitations and considering that the Tea Stream is subject 
to Atlantic salmon stocking procedures, increased biotic interactions among 
wild and stocked fish may be in detrimental of the success of some of the 
interacting parts. Thus, the evaluation of resources and trophic interactions 
among fish communities is still needed over time, to assure the outcome of 
conservation efforts and the inexistence of detrimental effects over wild 
communities. 
CHAPTER 5: SALMON CONSERVATION 
16. The juveniles stocking success in the Tea Stream over the studied period was 
generally low, and the highest reduction of stocked fish occurred within the 
first weeks after their release in the wild, at a similar rate all along the studied 
stream length. Habitat characteristics separating reaches at the meso-habitat 
scale didn’t appear as a determinant factor for the success of stocking 
procedures, but other spatial factors that may affect the whole amount of 
stocked fish can. There is still a need to explore other potential factors 
conditioning the establishment of stocked juveniles locally to improve its post-
release survival, and improves stocking efforts in the Tea Stream. 
17. Opposite trends were found for wild and stocked salmons a year after 
stocking, suggesting competitive interactions among them to some extent. 
Wild salmon showed an increasing abundance pattern towards proximity to 
the Tea mouth all over the study period in accordance to Chapter 2 
conclusions, while same sized stocked salmon exhibited a decreasing pattern 
after a year. 
18. The first exposure to a natural diet had a clear impact on hatchery reared 
salmon’s growth, in experimental tanks and in the wild; the individuals feed on 
pellets suffered a decrease in weight when released, while macroinvertebrate 
fed salmons, even though their size was smaller, did not loss more weight 
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when released. Meanwhile, the initial benefit for preconditioned fish in wild 
was quickly compensated in two weeks more for pellets fed salmons. 
Preconditioning or supplying hatchery-reared juveniles with natural diet prior 
to their release do not significantly improve their post-release adaptation in 
terms of growth. 
19. No biometric difference was found between individuals fed with mixed diet or 
only with pellets, suggesting that there was neither any initial benefit on 
supplying commercial food with live preys during hatchery rearing practices. 
FUTURE RESEARCH AND SELF-CRITICISM 
Although this Thesis provided valuable ecological information that would be applied to the 
sustainable management of lotic biodiversity and Atlantic salmon populations in the Tea 
Stream, several important questions rose during the development of the work and remain 
unanswered. At the discussion of each corresponding chapter possible gaps and 
improvements for the studies has been suggested. However, here are summarized some of 
the most important aspects that still should be addressed in further detail, to improve the 
knowledge on the main questions arising from this Thesis work. 
 Given the technical characteristics of the project funding this PhD research, as 
well as its practical application to Atlantic salmon conservation in the studied 
area, all sampling work has been done during summer conditions as it 
represent the conditions in which stocked salmons are released. Due to that 
fact, important seasonal patterns were not evaluated and should be further 
considered, to confirm some of the patterns obtained during the development 
of this Thesis. Thus, allowing better interpretations of fish distribution along 
the stream to specific issues related to its biodiversity conservation. 
 In other hand, the studies developed in this Thesis cover short inter-annual 
periods. Thus, long term monitoring would be useful for detecting any change 
in the studied habitat conditions or in the structure and composition of the 
studied communities, which may suppose a threat to biodiversity conservation 
efforts in the Tea Stream. 
 Practical limitations in the sampling of preys during the development of food 
web studies prevented the use of isotopic data for evaluating resources 
contributions to consumers’ diet through SIAR. Thus, further research 
considering also minor abundant resources during the studied periods may 
considerably improve the outcome of this tool when evaluating food web 
issues in the Tea Stream. 
 In a general way, this study focuses on evaluating trophic interactions among a 
small salmonid size range. As trout, becomes piscivorous generally at sizes up 
to those evaluated in the present PhD, the role of predation over small fish and 
its possible effect over Atlantic salmon conservation efforts in this area was 
not fully addressed. 
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 Although the studied reaches were selected assuming that naturally runs 
limited by pools will reduce considerably the post-stocking dispersal of 
salmons, this fact couldn’t be assured from the obtained data. Thus, a further 
study assessing if the stocking efficiency data would be masked by fish 
migration would be very useful. Not only because this fact may give a more 
accurate measure of this procedures success, but also because it could provide 
indirect information about the reasons to migrate if we consider that stocking 
reaches are a priori selected in basis to retaining suitable habitat conditions 
for the species. If dispersal is occurring despite these suitable conditions, 
perhaps biotic interactions are playing a major role in determining the 
outcome of stocking in a given site. 
 As mentioned during this document when carrying capacity is exceeded, the 
outcome of conservation measures is uncertain. In this sense, evaluating the 
appropriateness of the stocking densities used in the studied reaches would be 
vital to determine both the possibility of increasing inter- and intra-specific 
interactions. 
 Finally, given the practical limitations of this research it was not possible to 
replicate the field phase of the preconditioning experiment, fact that prevent 
to obtain enough survival measures that allowed to extract robust conclusions 
on this sense. Future research evaluating possible improvements in rearing 
practices considering at the same time survival measures of released fish, is 
needed to improve the conservation management plans of Atlantic salmon 
based on stocking. 
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“Interacciones ecológicas de las comunidades piscícolas en 
un río salmonero. El caso del río Tea” 
 
En la actualidad es un hecho constatado la importancia que la biodiversidad presenta a la 
hora de proporcionar y mantener los bienes y servicios derivados de los ecosistemas. Sin 
embargo, la acelerada tasa global de pérdida de la misma a lo largo de las últimas décadas 
ha encendido todas las alarmas. Y ya sea por su valor económico, material, o incluso estético, 
de un tiempo a esta parte la preservación de la biodiversidad ha desencadenado todo un 
movimiento social y político a nivel mundial. De hecho, nos encontramos inmersos en el 
“Decenio de las Naciones Unidas sobre la Biodiversidad”, y diversas medidas y propuestas 
han surgido a fin de intentar frenar esta pérdida para el año 2020. A lo largo de estos años 
los diferentes acuerdos políticos e investigaciones científicas desarrollados con este fin, han 
puesto de manifiesto la necesidad de incorporar a las estrategias de conservación conceptos 
como la sostenibilidad, así como plantear dicha conservación desde una aproximación 
ecosistémica en lugar de centrarse en áreas concretas. Surge así la Ecología de la 
Conservación como herramienta básica para proporcionar información  valiosa  a los 
gestores. 
De entre todos los ecosistemas, los continentales (en especial los ríos y arroyos) se 
encuentran entre los de mayor valor e importancia para las civilizaciones humanas, 
principalmente debido a los servicios derivados de un recurso esencial como es el agua y 
que son vitales para su supervivencia. Estos sistemas presentan además uno de los niveles 
más elevados de biodiversidad del planeta. Sin embargo, probablemente representan 
también uno de los tipos de ecosistema más amenazado. Este hecho es reflejo 
principalmente de la propia presión  antrópica,  ya sea como efecto directo del uso que los 
humanos hacen de estos sistemas o indirectamente, por causa por ejemplo del cambio 
climático. Por lo tanto, la situación de la biodiversidad en los ríos es especialmente 
preocupante. 
En el caso de los ríos, sus propias características intrínsecas hacen que su funcionamiento 
sea especialmente complejo, lo cual dificulta claramente el desarrollo y puesta en marcha de 
planes para la conservación de su biodiversidad. La conectividad (entendida como las 
interrelaciones existente entre los diferentes componentes del sistema a lo largo de cuatro 
dimensiones: longitudinal, lateral, vertical y temporal), la escala de estudio (que 
determinará en gran medida hasta que punto los diferentes procesos que ocurren en el 
sistema pueden ser abordados), el problema de la pérdida de hábitats y su influencia sobre 
la capacidad de carga del sistema, el efecto del aislamiento entre poblaciones, así como las 
complejas interacciones bióticas que tienen lugar entre las comunidades que los habitan; 
representan probablemente los retos más grandes a los que se enfrentan los gestores e 
investigadores a la hora de implementar planes de conservación en estos ecosistemas tan 
particulares. 
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Por otra parte, los peces que habitan los ecosistemas continentales a pesar de representar 
el grupo más diverso y rico del planeta, son a la vez los organismos más vulnerables. De 
hecho, son uno de los grupos sujetos a mayores medidas de gestión. El estudio de diversos 
aspectos ecológicos y biológicos de las comunidades ictiológicas ha suscitado un gran 
interés a nivel mundial durante los últimos años. No sólo por la importancia que dicho 
estudio puede tener sobre la propia conservación de este componente biológico, sino 
además porque el gran valor que presentan como bioindicadores puede ser vital para el 
desarrollo de planes de conservación de la biodiversidad a una mayor escala. 
El salmón atlántico (Salmo salar L.) es una de las especies ictiológicas en situación más 
crítica, sobre todo a lo largo de las áreas que constituyen el límite Sur de su distribución. En 
el caso de Europa, los ríos del NO de la Península Ibérica representan este límite, y todas las 
estadísticas ponen de manifiesto la clara tendencia decreciente que ha sufrido la especie a lo 
largo de las últimas décadas. El caso de Galicia es especialmente alarmante, y dado que se 
trata del área más al Sur de Europa que todavía presenta algunas poblaciones estables, la 
conservación de esta especie en la zona se ha vuelto una prioridad. Así, desde mediados de 
los años 90 comienzan a desarrollarse diversas medidas encaminadas a la gestión y 
conservación del salmón por parte de la Xunta de Galicia. Sin embargo, aunque en cierta 
medida todos estos esfuerzos han dado frutos estabilizando algunas poblaciones, todavía 
hay otras en peligro, así como algunas se han extinguido de todos modos a lo largo de estos 
años. De modo que estas medidas son todavía susceptibles de claras mejoras. 
A día de hoy existen claras lagunas de conocimiento en cuanto a diversos aspectos de la 
ecología y biología de los peces de agua dulce, cuya resolución facilitaría sobremanera la 
comprensión del funcionamiento y estructura de estos ecosistemas, favoreciendo así la 
conservación de su biodiversidad. Por otra parte, la aplicación práctica de toda esa 
información por parte de los gestores no sólo ayudaría a mejorar los planes de 
conservación, sino que también permitiría obtener un mejor balance entre coste y 
efectividad en los mismos. 
El presente trabajo de Tesis Doctoral titulado “Interacciones ecológicas de las 
comunidades piscícolas en un río salmonero. El caso del río Tea.” se centra en el 
estudio de las comunidades ictiológicas presentes en uno de los pocos ríos que todavía 
mantienen poblaciones estables de salmón atlántico en el límite meridional de su 
distribución europea. La elección del río Tea como sistema de estudio se fundamentó 
básicamente en su gran importancia para la conservación de la biodiversidad de la zona. 
Este afluente de 4º orden del río Miño, forma parte de la red Natura 2000 y representa una 
Zona de Especial Protección para los Valores Naturales (ZEPVN). Provee además hábitat 
para especies amenazadas, como el mencionado salmón atlántico, siendo por tanto objeto 
de diversas medidas encaminadas a la conservación de dicha especie. A pesar de su elevada 
importancia, el conocimiento referente a las bases ecológicas y biológicas que rigen este 
ecosistema tan particular está muy pobremente documentado. Por tanto, la finalidad 
principal de este estudio es la de profundizar en dichas bases, para así tener una mejor 
comprensión del funcionamiento de este sistema. Se espera que toda la información 
obtenida pueda tener una aplicación práctica encaminada a la mejora de los planes de 
gestión de la biodiversidad en esta zona. 
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Este volumen te Tesis Doctoral se inicia con una introducción general que permite dar un 
contexto a los diferentes estudios que se han desarrollado a lo largo de la misma. Se ofrece 
además una visión general del área de estudio, así como una justificación a nivel científico, 
económico y social para el desarrollo de los estudios. Finalmente se presentan los objetivos 
del trabajo, por un lado a nivel global y por otro a nivel parcial para cada uno de los 
diferentes estudios llevados a cabo durante el desarrollo de la Tesis. 
Seguidamente se presentan los 4 capítulos que separan los diferentes estudios llevados a 
cabo y que constituirán el grueso del trabajo. Éstos se han desarrollado en formato de 
artículo científico y las referencias para cada uno de ellos son proporcionadas. Cada uno de 
esos capítulos aborda uno de los objetivos parciales planteados para la Tesis. En el Capítulo 
2 se proporciona un estudio detallado de las condiciones bióticas y físico-químicas, así como 
de las relaciones entre hábitat-comunidades dentro del río objeto de estudio. El Capítulo 3 
está enfocado en el estudio de los flujos de energía y redes tróficas a lo largo del río Tea. El 
Capítulo 4 pretende profundizar en el estudio de las interacciones bióticas que tienen lugar 
entre las especies de salmónidos que habitan el río. Y finalmente el Capítulo 5 se centra 
específicamente en el estudio del salmón atlántico en el Tea, siguiendo las prácticas de 
repoblación y explorando posibles mejoras a las mismas. 
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CHAPTER 2: COMUNIDADES ICTIOLÓGICAS Y HÁBITAT  
“Costas, N., Álvarez, M. & Pardo, I. (2009). Characterization of an Atlantic 
salmon Salmo salar stream at the southern limit of its eastern Atlantic 
distribution. Journal of Fish Biology 75, 2552–2570. DOI 10.1111/j.1095-
8649.2009.02445.x” 
Este capítulo parte de la premisa de que las características del hábitat (tanto abióticas como 
bióticas) van a influir directamente en las propiedades ecológicas de las comunidades de 
peces del río Tea, lo cual podría tener una clara repercusión en los planes de conservación 
de la biodiversidad en el río. Por ello, en este estudio se persigue realizar un estudio 
detallado del hábitat y de las relaciones hábitat-comunidad ictiológica que se producen en el 
Tea. Para ello se abordaron los siguientes objetivos parciales: i) establecer la estructura, 
composición y abundancia de la comunidad ictiológica presente en diferentes secciones a lo 
largo del río, ii) relacionar los citados parámetros con las condiciones del hábitat de esas 
secciones, y iii) identificar patrones espaciales de distribución de las comunidades 
ictiológicas, que nos permitiesen establecer posteriores tratamientos de estudio. 
Diez tramos situados en la zona medio-baja del río Tea fueron muestreados intensivamente 
durante los meses de verano del año 2006. Los mismos representaban el área accesible del 
río para la entrada de salmones salvajes desde el mar. 
La calidad de las aguas de cada tramo se exploró mediante la recogida in situ de medidas de  
oxígeno disuelto, pH, conductividad (corregida a 25° C) y temperatura del agua, utilizando 
para ello sondas portátiles. Así mismo se tomaron muestras de agua para analizar los 
niveles de diferentes nutrientes (nitritos, nitratos, fosfatos y amonio). Para obtener una 
visión más global del río se utilizaron además datos físico-químicos proporcionados por un 
Sistema Automático de Información de Calidad de las aguas (SAICA) perteneciente a la 
Confederación Hidrográfica del Norte (actualmente escindida en las Confederaciones del 
Cantábrico y Miño-Sil). En cada tramo se caracterizaron además, la granulometría del 
sustrato, los acúmulos de madera en el lecho, la profundidad, la velocidad de la corriente, el 
% de cobertura riparia sobre el canal activo (%sombra), el % de vegetación sumergida y el 
caudal. 
En cuanto a las comunidades bióticas, se recogieron por un lado muestras de invertebrados 
en cada tramo utilizando para ello redes Surber y de deriva. Mientras los datos de peces 
fueron recogidos mediante muestreos de pesca eléctrica, utilizando el método de pasadas 
sucesivas sin devolución y con esfuerzo constante. En este caso los tramos fueron acotados 
en su parte superior e inferior para asegurar el muestreo de una población cerrada. Los 
peces capturados previamente anestesiados fueron identificados, medidos y pesados, y 
posteriormente devueltos al río. Las densidades de las diferentes especies fueron calculadas 
mediante el método de máxima verosimilitud ponderada. 
La distribución y estructura de la comunidad ictiológica fue analizada mediante análisis de 
escalado multidimensional no-métrico (NMDS), y contrastadas mediante análisis de 
comparación de medias no paramétricos (Test U de Mann-Withney) sobre la riqueza y 
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diversidad, y análisis paramétricos (ANOVA) sobre las densidades. Para determinar qué 
especies regían las diferentes asociaciones de peces encontradas a lo largo del río, se utilizó 
un análisis de similaridad (SIMPER). Y para aumentar la fiabilidad de la ordenación 
resultante, se realizó un contraste con datos de dos años previos (2004 y 2005) 
proporcionados por la Xunta de Galicia. 
En cuanto a las características del hábitat, se elaboró una clasificación de los tramos basada 
en las mismas y se establecieron cuales eran los gradientes que caracterizaban esa 
separación utilizando para ello análisis cluster y análisis de componentes principales. 
Finalmente, para relacionar los cambios en las asociaciones de peces con las variaciones en 
las características del hábitat, se utilizaron técnicas de análisis de gradiente directo. Tras un 
análisis de correspondencias sin tendencia (DCA), se optó por utilizar modelos lineales para 
evaluar dichas relaciones. En este caso un análisis de redundancias (RDA) nos permitió 
determinar cual era el conjunto de variables que estaba determinando la estructura de la 
comunidad de peces en el río, y posteriormente el uso de RDAs parciales y modelos lineales 
generalizados (GLM) nos permitió evaluar el efecto individual de cada una de esas variables. 
Resultados y Conclusiones 
 En el río Tea la riqueza específica de peces y su diversidad mostraron un 
claro incremento con la proximidad a la desembocadura, hecho 
principalmente atribuible al elevado número de especies ciprinícolas 
encontrado en los tramos bajos. Del mismo modo, excepto para el caso de la 
trucha (Salmo trutta) que resultó ser la especie más ubicua, las densidades 
del resto de especies fue mayor en la tramos bajos. En este sentido, esos 
patrones de incremento encontrados coinciden con los reportados para la 
mayor parte de los ríos, generalmente asociado a un aumento en la 
capacidad de carga de los mismos a medida que descendemos. 
 Por otra parte el Tea no presentó el típico patrón de distribución de los ríos 
salmonícolas, con reemplazo longitudinal de especies. Sino que existió 
adición de especies a medida que se desciende el río. La trucha fue la especie 
numéricamente dominante, seguida de la anguila, mientras que la riqueza y 
abundancia de ciprínidos aumentó hacia los tramos más bajos. 
 Los análisis de redundancia mostraron que el patrón de asociaciones 
ictiológicas estaba principalmente relacionadas con los gradientes esperados 
y observados en los niveles de oxígeno disuelto en el agua, caudal y velocidad 
media de la corriente. Actuando estos gradientes como los principales 
descriptores que determinaban la estructura y composición de la comunidad 
de peces a lo largo del área estudiada en el río Tea. De los datos se pudo 
deducir que la comunidad ictiológica estaba principalmente condicionada 
por factores asociados a procesos a nivel de cuenca, más que por procesos y 
factores a escala de meso-hábitat. 
 Existió una diferenciación significativa entre los tramos medios y bajos del 
río, tanto en términos de composición de sus comunidades ictiológicas (se 
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observaron dos asociaciones de peces diferentes a lo largo del río que se 
mantuvieron inter-anualmente) como de las características del hábitat. De 
modo que esta diferenciación permite crear dos tratamientos 
independientes (zona media vs. zona baja) para el desarrollo de futuros 
estudios. Esta aproximación puede tener especial interés en aquellos diseños 
que necesiten replicación pero al mismo tiempo mantener en cierta medida 
una perspectiva de estudio longitudinal. 
 La presencia de salmones resultó ser mayor en la zona baja del río Tea 
respecto a la zona media.  El área de estudio ha sido objeto de prácticas de 
repoblación de la especie a lo largo de los últimos años, seleccionando los 
tramos de suelta en base a la presencia de hábitat óptimo para la especie. Sin 
embargo, parece que los tramos medios a pesar de ser accesibles y presentar 
a priori condiciones óptimas no retienen poblaciones salvajes estables. De 
modo que quizá estos planes están sobreestimando ese hábitat óptimo, 
obviando ciertos aspectos bióticos y abióticos de importancia. A pesar de que 
parece que las repoblaciones son aún así más efectivas en esa zona media 
(como se verá en el Capítulo 5), la consideración de nuevos factores no 
evaluados previamente podría mejorar considerablemente el resultado de 
los esfuerzos de conservación de esta especie en el río Tea. 
Este estudio enfatiza la importancia de realizar una adecuada descripción de las 
variaciones en las asociaciones de peces y de las características del hábitat a lo largo 
de los ecosistemas lóticos, para explorar su relación con cambios potenciales en la 
supervivencia de las poblaciones de peces. En particular, el desarrollo y evaluación 
de las relaciones hábitat-pez puede ser de gran utilidad para los gestores a la hora de 
evaluar los efectos de los planes de conservación y restauración de hábitat para el 
salmón atlántico. 
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CHAPTER 3: COMUNIDADES ICTIOLÓGICAS Y FLUJOS DE ENERGÍA 
“Costas, N. & Pardo, I. Trophic variability in a stream longitudinal gradient: 
Evidence from gut contents and stable isotope analysis. (Intended to 
Freshwater Biology)” 
La hipótesis de partida de este estudio ha sido que las redes tróficas y la transferencia de 
energía cambiarían de un modo predecible a lo largo del río Tea, de acuerdo con la escala 
espacio-temporal de estudio considerada. Además en cualquier ecosistema los diferentes 
componentes tróficos que lo integran están interrelacionados determinando el estado de 
dicho sistema. De modo que cualquier alteración en uno de esos componentes podría tener 
repercusiones  sobre el resto.  Se ha demostrado que los análisis de isótopos estables 
representan una herramienta muy poderosa para el estudio de este tipo de cuestiones. Sin 
embargo, la variabilidad isotópica a escala espacio-temporal en ríos puede dificultar el uso e 
interpretación de resultados cuanto se usa esta aproximación. Así, este capítulo pretende 
profundizar en el estudio de los flujos de energía y relaciones tróficas en el río Tea, y evaluar 
la utilidad real del uso de análisis isotópicos para ello. Se abordan con tal fin los siguientes 
objetivos parciales: i) establecer una primera aproximación a la red trófica del río, ii) 
identificar patrones longitudinales en los flujos de C y N, considerando todos los 
componentes tróficos del río, iii) evaluar diversas fuentes de variabilidad que puedan 
limitar los estudios redes tróficas en el Tea, y iv) evaluar posibles diferencias entre la 
alimentación a corto y largo plazo, valiéndose para ello de la combinación de estudios 
isotópicos y de contenidos estomacales. 
En Julio de 2010, se procedió a la recogida de muestras replicadas de los principales niveles 
tróficos y fuentes de C presentes en 6 tramos situados longitudinalmente a lo largo de la 
zona medio-baja del río Tea. Se consideraron principalmente 7 componentes: seston 
(recogido por filtración de agua), perifiton (extraído por cepillado de piedras con biofilm 
visible), hojas acondicionadas (recogida manual en zonas de deposición), macrófitos 
(recogida manual), briófitos (recogida manual), macroinvertebrados (muestreo mediante 
kick) y peces (muestreo por pesca eléctrica). Todas las muestras fueron trasladadas al 
laboratorio de limnología de la Universidad de Vigo y procesadas para su posterior análisis 
de %C, %N, δ13C y δ15N en los Servicios de Apoyo a la Investigación (SAI) de la Universidad 
de Coruña. En el caso de las muestras ictiológicas previamente a su procesado para realizar 
los análisis isotópicos, los tractos digestivos fueron extraídos para llevar a cabo un análisis 
de contenidos estomacales. Se disponía además de datos pertenecientes a dos estudios 
piloto llevados a cabo siguiendo la misma metodología (2006 y 2007). 
Se realizó una primera aproximación a la red trófica de los diferentes tramos mediante 
“biplots” de los valores δ13C y δ15N. Posteriormente se utilizaron análisis paramétricos 
(ANOVA y tests post-hoc) sobre los valores isotópicos para evaluar variaciones espaciales 
en la composición de los diferentes componentes tróficos, buscar patrones tróficos 
específicos dentro de un mismo tramo, evaluar la consistencia isotópica a lo largo del 
tiempo y localizar patrones ontogénicos en la composición isotópica de algunas especies 
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ictiológicas. Así mismo, a fin de contrastar los patrones obtenidos, confiriéndoles una mayor 
fiabilidad también se llevaron a cabo análisis de regresión lineal. 
El rango de contribuciones de los recursos potenciales a las dietas de los consumidores fue 
evaluado mediante modelos mixtos bayesianos, utilizando para ello el paquete SIAR (Stable 
Isotope Analisys in R) del programa estadístico R. 
Para describir la composición de la dieta así como la importancia de cada presa mediante la 
evaluación de los contenidos estomacales en el caso de los peces, se utilizó en índice de 
importancia relativa (IRI) y su porcentaje (%IRI). Dado que proporciona un balance optimo 
entre los tres componentes básicos (presencia, abundancia y abundancia en peso) que 
definen la importancia de un recurso dentro de una dieta. 
Resultados y Conclusiones 
 Los análisis isotópicos han resultado ser una herramienta muy poderosa a la 
hora de evaluar cuestiones tróficas en el río Tea. Sin embargo, su uso se ve 
altamente complicado por las elevadas fuentes de variabilidad encontradas y 
que deben ser consideradas para el diseño de estudios apropiado y una 
adecuada interpretación de los resultados obtenidos. 
 La composición isotópica de la mayor parte de componentes tróficos dentro 
del río Tea han mostrado un rango significativo de variabilidad natural tanto 
en base a la posición en el río como al año de estudio. 
- Tanto las regresiones, como las comparaciones paramétricas y el 
examen cualitativo de los datos, mostraron una tendencia hacia una 
mayor variabilidad en los valores de δ13C que en los de δ15N para la 
mayor parte de los componentes tróficos a lo largo del gradiente 
longitudinal del río. 
- Los recursos base autóctonos exhibieron mayor variabilidad en δ13C 
que los alóctonos. 
- Los resultados también señalan una marcada variabilidad interanual, 
incluso en cortos periodos de tiempo, poniendo de manifiesto la 
necesidad de considerar la variación temporal en los estudios 
tróficos. 
 En base a los resultados el perifiton y las hojas de aliso representan los 
principales recursos base que impulsan las redes tróficas a lo largo del río 
Tea. 
-  Se observó un claro patrón decreciente en los valores de δ13C para el 
perifiton con la cercanía a la desembocadura, el cual se hizo 
extensivo tanto a los consumidores primarios como secundarios 
presentes en el río. 
-  Los análisis SIAR también confirmaron al perifiton como el recurso 
clave, a pesar de que las hojas de aliso también muestran en este caso 
una contribución significativa. 
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Considerando tanto los efectos “top-down” como “bottom-up”, la evaluación 
de los recursos base y de las relaciones tróficas puede ser de gran utilidad 
para el desarrollo de planes de manejo de la biodiversidad. Además, la 
importancia tanto de los recursos autóctonos como alóctonos pone de 
manifiesto la importancia de conservar no sólo el río en sí sino también la 
zona riparia que lo rodea. 
 Según los modelos mixtos, en general la omnivoría y las dietas generalistas 
dominan las estrategias alimenticias a lo largo del río. 
 Cualquier estudio relativo a la estructura de la red trófica del río Tea debería 
ser abordada desde una perspectiva de tramo a tramo (incluso considerando 
variabilidad longitudinal), en lugar de extraer patrones generales por 
agregación de datos de diferentes zonas. Considerando además que los 
resultados de un único tramo no deberían ser extrapolables al conjunto del 
río. 
 Los valores de fraccionamiento, niveles de resolución taxonómica y escalas 
inadecuadamente utilizadas, así como la variabilidad ontogénica y las 
limitaciones de muestreo han representado retos importantes para una 
apropiada aplicación de los análisis isotópicos en el río Tea. 
 La importancia de combinar estudios de contenidos estomacales con análisis 
isotópicos ha quedado probada, permitiendo una mejor interpretación de las 
interacciones tróficas en el río y la detección de posibles lagunas en el diseño 
experimental. 
Los resultados del presente estudio pueden proporcionar una base para futuras 
investigaciones tróficas en mayor detalle dentro del río Tea, así mismo proporcionan 
un conocimiento valioso sobre los límites de aplicación de los análisis isotópicos en 
este sistema. Este trabajo constituye un primer estudio a corto plazo que puede ser 
de utilidad para abordar cuestiones a mayor escala como impactos humanos o 
funcionamiento del sistema, así como otras cuestiones como competencia, 
depredación, efectos “top-down” y “bottom-up”… Conocimiento que en definitiva 
puede ser vital para el adecuado desarrollo de planes de gestión de la biodiversidad 
en la zona. 
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CHAPTER 4: COMUNIDADES ICTIOLÓGICAS E INTERACCIONES TRÓFICAS 
“Feeding strategies, prey selection and trophic interactions in stocked 
juveniles of Atlantic salmon (Salmo salar) and wild salmonids. (In 
preparation)” 
Se parte de la hipótesis de que las interacciones bióticas influirán directamente en el 
resultado de los esfuerzos de conservación y afectarán a la estructura de las comunidades 
dentro del río Tea. También se considera que el tamaño poblacional de las especies que 
habitan los ríos depende enormemente de las estrategias de vida y dinámicas poblacionales, 
donde los efectos denso-dependientes juegan en muchas ocasiones un papel fundamental. 
Dado el especial interés que suscitan los salmónidos en los ríos gallegos, este tercer estudio 
se enfoca al estudio de las posibles interacciones bióticas que se producen en la comunidad 
salmonícola del río Tea. Para lo cual se abordan los siguientes objetivos parciales: i) evaluar 
la disponibilidad alimentaria para los salmónidos en el río, ii) realizar una descripción 
detallada de la dieta, estrategias alimentarias y selección de alimento de los diferentes 
especies encontradas, iii) evaluar posibles interacciones bióticas dentro de dicha 
comunidad, iv) evaluar la existencia de solapamiento de nicho trófico, v) testar la 
posibilidad de depredación por parte de las truchas sobre otros salmónidos, y vi) testar el 
efecto que las repoblaciones de salmón pueden tener sobre la comunidad salmonícola 
salvaje, en relación a las posibles interacciones bióticas entre ellos. 
En Agosto y Septiembre de 2006, 12 tramos a lo largo del eje longitudinal del río Tea fueron 
muestreados mediante pesca eléctrica, recogiendo el contenido estomacal (mediante lavado 
gástrico) de una muestra representativa de cada especie de salmónido presente en el río: 
trucha (T), y a efectos prácticos se distinguió entre salmón salvaje (WS) y repoblado (RS). 
Todos los individuos fueron también medidos y pesados, y posteriormente liberados. Una 
vez en laboratorio los componentes presentes en los estómagos fueron identificados al nivel 
de resolución taxonómica más detallado posible, posteriormente secados a 60° C durante 48 
h y pesados. En cada tramo se recogieron además 5 muestras de invertebrados mediante el 
uso de una red Surber. Dichas muestras fueron separadas en laboratorio y los 
macroinvertebrados encontrados fueron identificados al mismo nivel de resolución 
taxonómica que en el caso de los contenidos estomacales. 
La disponibilidad alimentaria para los salmónidos en el río se evaluó mediante el cálculo de 
las densidades, riqueza y diversidad de fauna bentónica en los tramos. La posible 
agrupación o separación espacial de los tramos en base a las asociaciones de 
macroinvertebrados que presentaban se evaluó mediante análisis cluster y comparaciones 
de medias no paramétricas (test U de Mann-Whitney). 
La descripción de las dietas de las diferentes categorías de salmónidos establecidas (en base 
a la especie considerada, la zona de captura, el mes de captura y la talla del pez), se realizó 
mediante el cálculo de la frecuencia de aparición de las presas (Fi), y el porcentaje de 
abundancia por número (%Ai) y por peso (%Wi) de cada una de ellas. Se aplicó además el 
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Índice de Importancia Relativa (IRI) y su porcentaje (%IRI), y también se calcularon los 
índices de vacuidad (%VI) y de llenado (FI). 
El solapamiento trófico entre las dietas de los diferentes grupos se evaluó mediante el índice 
de Schoener (S) y la posible selección y especialización sobre alguna presa concreta se 
evaluó mediante el índice lineal de selectividad alimentaria de Strauss. 
Finalmente el estudio de las estrategias alimentarias fue abordado mediante el método 
gráfico propuesto por Amundsen et al. (1996). Este método consiste en una representación 
en 2D en la que la abundancia presa específica (%Pi) se plotea frente a Fi. Dicho gráfico 
permite interpretar la importancia de cada presa, la estrategia alimentaria y la amplitud del 
nicho trófico, examinando para ello la distribución de los puntos a lo largo de los ejes del 
diagrama. 
Resultados y Conclusiones 
 Se encontraron claras variaciones espaciales en las comunidades de 
invertebrados bentónicos a lo largo del eje longitudinal del río Tea, estando 
claramente reflejadas en los patrones dietarios de la comunidad salmonícola 
presente en el mismo. Estas variaciones espaciales permitieron una clara 
separación de los tramos medios y bajos del río, tal y como sucedió con las 
variables físico-químicas y la comunidad ictiológica en el Capítulo 2. 
 La comunidad bentónica presente en el río fue lo suficientemente diversa y 
abundante como para sustentar a la comunidad salmonícola durante la 
época de estudio. 
 Las estrategias alimentarias de la mayor parte de las categorías de 
salmónidos evaluadas fueron altamente similares tanto a nivel poblacional 
como individual. Se observaron principalmente dietas generalistas (como ya 
sugerían los resultados del Capítulo 3) con diferentes grados de 
especialización sobre ciertos recursos, principalmente relacionadas con la 
zona del río considerada, el mes de estudio y el tamaño del pez. De modo que 
la posibilidad de limitaciones debidas a los recursos podría darse, si esos 
alimentos preferentemente seleccionados se volviesen escasos en un 
momento determinado y los peces no fuesen capaces de modificar sus 
preferencias. 
 Tal y como se esperaba, el solapamiento trófico fue muy elevado entre la 
comunidad salmonícola del Tea. Aunque a grosso modo, las dietas de los 
salmones repoblados y salvajes fueron más similares que entre cualquier 
salmón y las truchas. De modo que en un momento dado, la aparición de 
limitaciones por alimento podrían conllevar un incremento en las 
interacciones bióticas (ej., competencia, depredación…) entre estos grupos 
de salmónidos. Concluyendo que el potencial para la existencia de 
competencia entre salmónidos en el Tea está presente. 
RESUMEN GENERAL 
 
 
156 
 Se observó también un claro fenómeno de depredación dependiente del 
tamaño en los salmónidos presentes en el río. Así mismo también se 
encontró cierto grado de partición de recursos para la clase de tamaño 10.1-
15.0 cm, quizá forzado por competencia inter-específica o simplemente 
como reflejo de diferentes preferencias de hábitat. 
 Un mes tras su suelta se observó un claro incremento en el índice de llenado 
de los salmones repoblados en el río Tea, reflejando por tanto una rápida 
adaptación a la dieta natural. 
 En un contexto de existencia de limitaciones de alimento y considerando que 
el río Tea es objeto de prácticas de repoblación, el incremento de las 
interacciones bióticas entre los salmónidos repoblados y los salvajes podría 
actuar en detrimento de una de las partes. Por tanto, la evaluación de los 
recursos y de dichas interacciones a lo largo del tiempo, es necesaria para 
asegurar el resultado de planes de conservación de dichas especies. 
Los resultados de este estudio ponen de manifiesto la necesidad de explorar los efectos que 
las interacciones competitivas y las potenciales limitaciones de alimento podrían tener 
sobre las comunidades salmonícolas del río Tea. Dicho conocimiento puede ser de gran 
ayuda para la mejora de las medidas de gestión y conservación del salmón atlántico que se 
llevan a cabo en esta zona en la actualidad. 
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CHAPTER 5: SALMON CONSERVATION 
“Costas, N., Álvarez, M. & Pardo, I. Stocking efficiency and the effects of diet 
preconditioning on the post-release adaptation of hatchery-reared juveniles of 
Atlantic salmon (Salmo salar L.) in an Atlantic temperate stream. 
Environmental Biology of Fishes (In press) (accepted April 2012). DOI 
10.1007/s10641-012-0020-7” 
En este ultimo estudio la hipótesis de trabajo era que el brusco cambio entre las condiciones 
de cría en cautividad y las condiciones naturales presentes en los ríos influiría directamente 
sobre el éxito de las repoblaciones, y que una pre-aclimatación a las condiciones naturales 
previa a dicha liberación podría suponer una mejora en los programas de conservación del 
salmón atlántico en la zona. De modo que en este capítulo se pretendió profundizar en el  
seguimiento establecido en los planes de conservación actualmente llevados a cabo en el río 
Tea y buscar posibles mejoras a los mismos. Todo ello cubriendo los siguientes objetivos 
parciales: i) evaluar la efectividad que las prácticas de repoblación de la especie están 
teniendo a lo largo del río, ii) identificar posibles factores que estén afectando el éxito de 
dichas prácticas, y evaluar el efecto que el cambio de dieta entre piscifactoría y río puede 
tener en este sentido, y iii) explorar si una aclimatación previa a las condiciones naturales 
podría suponer una mejora en las practicas de repoblación. 
El presente capítulo se divide en dos estudios diferenciados. El primero de ellos 
encaminado a evaluar la eficacia de las prácticas de repoblación en el río y el segundo 
enfocado a  la realización de dos experimentales relacionadas con las prácticas de pre-
aclimatación a la dieta natural en los juveniles de salmón atlántico criados en piscifactoría. 
El estudio de eficacia fue desarrollado durante los veranos de los años 2006 y 2007, en 10 
tramos situados a lo largo del eje longitudinal del río Tea. Estos  tramos fueron repoblados 
con juveniles de salmón a una densidad de 3 ind m−2 a principios del mes de Agosto de 2006, 
y se realizaron seguimientos de dichos juveniles 2 semanas, 6 semanas y un año tras su 
liberación. Los muestreos fueron realizados mediante pesca eléctrica por el método de las 
pasadas sucesivas sin devolución y con esfuerzo constante. Todos los individuos capturados 
fueron pesados, medidos, contados y posteriormente liberados. Una vez en gabinete se 
calcularon las densidades mediante el método de Máxima Verosimilitud Ponderada, así 
como el factor de condición (K) y la tasa de crecimiento específico (SGR). Las tasas de 
recaptura para cada uno de los seguimientos se calcularon en base a las densidades de 
repoblación iniciales. 
En el caso de los experimentos de pre-aclimatación, los mismos fueron llevados a cabo 
durante el periodo Agosto-Septiembre de 2007 entre la piscifactoría de Carballedo en 
Pontevedra (perteneciente a la Xunta de Galicia) y un tramo acotado en el río Tea (cerrado 
en su límite inferior y superior para evitar entradas o salidas de ejemplares durante el 
desarrollo del estudio). Dicho tramo no era coincidente con los utilizados en el desarrollo 
del estudio de eficacia de las repoblaciones. 
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El primer trabajo experimental estaba diseñado para testar el efecto que la dieta natural 
presenta frente a la artificial en el crecimiento de los juveniles de salmón en un ambiente 
artificial. Se utilizaron 3 tratamientos de estudio diferentes: juveniles alimentados con 
pienso (P), con macroinvertebrados (MC) y con dieta mixta (MCP). Se crearon 5 réplicas por 
tratamiento, introduciendo juveniles en tanques de cría a una densidad de 3 ind m−2. Todos 
los individuos fueron pesados y medidos semanalmente por un período de un mes. Al final 
del experimento 3 individuos de cada tratamiento y una muestra de pienso e invertebrados 
fueron utilizados para llevar a cabo análisis isotópicos del mismo modo que se especifica en 
el Capítulo 2. 
El segundo experimento fue desarrollado para comprobar el efecto que una aclimatación 
previa a la dieta natural tendría sobre la adaptación post-liberación de los juveniles al río. 
En este caso se crearon dos grupos de 375 juveniles, uno de los cuales fue alimentado en la 
piscifactoría con pienso y el otro con macroinvertebrados por un período de dos semanas. 
Tras las cuales se les realizaron diferentes marcas en la aleta adiposa para diferenciarlos y 
fueron entonces liberados en el tramo de estudio. Todos los individuos fueron pesados y 
medidos al inicio del experimento y previamente a su liberación. Una vez en el tramo se les 
realizó un seguimiento mediante pesca eléctrica tras la primera semana y a las 3 semanas de 
su liberación. Una vez en gabinete tanto los valores de K como SGR fueron calculados. 
Previamente a la suelta se evaluó también la disponibilidad de alimento así como el resto de 
la comunidad ictiológica con la que interactuarían los juveniles una vez liberados. 
En cuanto a los análisis estadísticos practicados en este capítulo, se utilizaron regresiones 
lineales para evaluar la existencia de patrones longitudinales en las tasas de recaptura de 
los salmones repoblados y en las densidades de los salmones (tanto salvajes como 
repoblados) durante los diferentes seguimientos del estudio de eficacia. Por otro lado, los 
datos biométricos, de factor de condición y tasas de crecimiento específico fueron evaluados 
mediante  (de ambos estudios) fueron evaluados mediante análisis no paramétricos 
(Kruskall-Wallis y test U de Mann–Whitney), aplicando la corrección de Bonferroni para 
comparaciones múltiples cuando era necesario. Finalmente se realizaron análisis 
paramétricos (ANOVA) sobre los datos isotópicos para testar diferencias significativas entre 
los tratamientos de los experimentales. 
Resultados y Conclusiones 
 El estudio de campo indica que el éxito de las repoblaciones en el río Tea 
durante el período de estudio fue generalmente bajo, y la mayor parte de la 
reducción de juveniles repoblados sucede dentro de los dos primeros meses 
tras la liberación A una tasa muy similar a lo largo del gradiente longitudinal 
considerado. Por tanto, no parece que las características que separan los 
tramos a una escala de meso-hábitat sean un factor determinante que 
condiciones el resultado de las repoblaciones durante este primer período, 
sino que deben estar influenciadas por otro tipo de factores que afecten por 
igual al conjunto de individuos liberados. Por tanto, aún es necesario 
explorar factores potenciales que puedan estar condicionando el 
establecimiento de los juveniles, a fin de mejorar su supervivencia tras la 
suelta en el río. 
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 Por otro lado se observó que las tasas de recaptura tras un año eran entre el 
0.0-1.1%. Sin embargo en esta ocasión si se observan diferencias 
significativas a lo largo del área estudiada en el río Tea. Se encontraron 
además tendencias de abundancia opuestas para el salmón salvaje y el 
repoblado a lo largo del río, sugiriendo en cierto modo la existencia de 
interacciones competitivas entre ambos grupos. Los salmones salvajes 
mostraron un patrón de incremento en su abundancia con la proximidad a la 
desembocadura del río (de acuerdo a lo observado en el Capítulo 2), 
mientras que los salmones repoblados de similar talla exhibían un patrón de 
abundancia decreciente a lo largo del río. 
 Los experimentos de pre-aclimatación mostraron que los juveniles de 
salmón atlántico sufrían un claro impacto en su crecimiento, en el momento 
que su dieta cambiaba de pienso a presas vivas. Este hecho se producía tanto 
si dicho cambio operaba en cautividad como una vez liberados los individuos 
en campo. 
 A pesar de que tanto el peso, longitud, factor de condición y la tasa de 
crecimiento específico alcanzados por los juveniles al final del periodo de 
cría en cautividad, fue mayor para los individuos alimentados con pienso que 
para aquellos alimentados con macroinvertebrados, las diferencias 
desaparecen tan sólo una semana después de su liberación en el río. Esto 
podría ser indicativo de que los salmones preaclimatados adquirieron cierta 
ventaja y por eso su condición no se vio más afectada una vez liberados, 
como sucedió con los alimentados con pienso. Sin embargo, una vez más esa 
supuesta ventaja inicial de los alimentados con macroinvertebrados vuelve a 
ser claramente compensada por los individuos alimentados con pienso. 
 De modo que los resultados indican que preacondicionar o suplementar la 
dieta de los juveniles criados en cautividad con presas naturales previamente 
a su liberación, no mejora significativamente su adaptación al medio natural 
en términos de crecimiento. 
 Por otro lado no se encontraron diferencias biométricas significativas entre 
los individuos alimentados con pienso exclusivamente y aquellos 
alimentados con la dieta mixta (pienso+macroinvertebrados). De modo que 
esto sugiere que tampoco existe ningún beneficio inicial en suplementar la 
dieta comercial con presas vivas durante la fase de cría en cautividad. 
 Finalmente los análisis isotópicos reflejaron claramente los diferentes 
tratamientos dietarios planteados en este estudio. Sin embargo aún es 
necesario profundizar más en este tipo de estudios para determinar su 
utilidad real en las prácticas de cría en cautividad. 
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APPENDIX 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photographs of some of the studied reaches along the longitudinal axis of the Tea 
Stream catchment, during the present PhD Thesis. 
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Sampling of the fish community in the Tea Stream. a, b, c) Electrofishing procedures in 
collaboration with the Galician government (Xunta de Galicia) staff. d, e, f) taking 
biometric measures of captured fish. 
 
 
 
 
 
 
 
a b 
c d 
e f 
APPENDICES 
 
 
v 
 
 
 
 
 
 
 
 
 
 
 
Images of some fish species captured during electrofishing efforts in the Tea 
Stream. a) gudgeon (Gobio gobio), b) Iberian nase (Pseudochondrostoma 
duriense), c) eel (Anguilla anguilla), d) loach (Cobitis paludica), e) stocked 
Atlantic salmon (Salmo salar) distinguished by the absence of adipose fin, f and 
g) wild Atlantic salmon (Salmo salar), h and i) brown trout (Salmo trutta). 
 
 
 
 
 
c a 
d 
b 
 
f 
g 
e 
h i 
APPENDICES 
 
 
vi 
 
APPENDIX 2 
 
 
 
 
 
 
 
 
Loadings on the first 4 principal components (PC1–4) from the principal component 
analysis developed over the environmental data from the 10 sites sampled in the Tea 
Stream basin. 
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APPENDIX 3 
 
 
 
 
 
 
 
Biplots of mean δ15N and δ13C signatures of fishes (●), primary consumer invertebrates 
( ), predator invertebrates ( ) and basal food resources ( ) collected at each of the 4 
study reaches along the fluvial gradient of the Tea Stream in the pilot study of 2006. 
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Biplots of mean δ15N and δ13C signatures, primary consumer invertebrates ( ), 
predator invertebrates ( ) and basal food resources ( ) collected at each of the 4 
study reaches along the fluvial gradient of the Tea Stream in the pilot study of 2007. 
 
 
 
 
 
 
 
 
 
APPENDICES 
 
 
ix 
 
APPENDIX 4 
 
 
 
PROTOCOL APPLIED FOR EXTRACTING LIPIDS FROM FISH MUSCLE SAMPLES 
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APPENDIX 6 
 
 
 
 
Images of several prey items found in the gut contents of salmonids inhabiting the 
studied reaches of the Tea Stream catchment. 
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APPENDIX 7 
 
 
 
 
Significant length-weight relationships found for the salmonid community inhabiting 
the Tea Stream during the development of the stocking efficiency study. 
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CARBALLEDO FISH HATCHERY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A, B) General view of installations. C, D) Details of the rearing tanks. E) Detail of the 
fine mesh at the bottom of the tanks, to prevent macroinvertebrate losses. F) Juveniles 
of Atlantic salmon within the tanks. 
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ENCLOSED REACH IN THE TEA STREAM 
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APPENDIX 9 
 
 
 
Composition and mean densities (ind m-2) of the benthic community existing in the 
enclosed reach located in the Tea Stream and used in the preconditioning experiments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDICES 
 
 
xvii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDICES 
 
 
xviii 
 
APPENDIX 10 
 
 
 
 
 
 
 
 
 
 
Data on the fish community composition, densities, and mean lengths and weight, 
existing in the enclosed reach of Experiment 2 prior to the release the preconditioned 
juveniles. 
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HABITAT PREFERENCES 
 
During the second field survey of the Experiment 2, a study of habitat preferences 
by the different fish species inhabiting the enclosed reach was carried out. The reach 
was grid subdivided according to habitat parameters related mainly to depth, flow 
characteristics and vegetation. Obtaining the following subdivision of zones within 
the reach: 
 
Z1 = Cascade 
Z2 = Shallow fast flowing water without submerged vegetation 
Z3 = Fast flowing waters without submerged vegetation, and with medium depth. 
Z4 = Pool 
Z5 = Shallow fast flowing waters with submerged vegetation 
Z6 = Deep fast flowing waters without submerged vegetation 
Z7 = Shallow fast flowing water with emergent vegetation 
 
The following table indicates the % of individuals of each species captured at each 
zone. 
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e invertido su tiempo en los muestreos, trabajo de laboratorio, guía, corrección, consejo y 
demás detalles referentes a todo este proceso. 
Y aquí es donde viene lo difícil, porque hay tanta gente por mencionar a partir de este punto, 
que como ya dije me parece imposible hacerlo en una lista sin riesgo de  omisiones. Además, 
una lista de nombres sólo enumeraría lo bueno que tengo que agradecer (que es 
muchísimo!!!!!), pero lo malo también me ha hecho crecer y tengo claro que eso lo dejaría de 
lado de ese modo… Por eso, porque no quiero dejar nada ni a nadie fuera de este apartado, 
he decidido dar las GRACIAS a 3 grupos de personas. Tres grupos que abarcan 
prácticamente a cualquiera que haya pasado por mi vida durante estos años. 
 
 
 
 
Porque  hay gente sin la cual este día no habría llegado nunca 
A todo aquel que de un modo u otro haya sido y se sienta participe de este trabajo. 
GRACIAS por tu tiempo, por tu esfuerzo y por hacer posible que hoy me encuentre donde 
estoy. Tus aportaciones han sido importantísimas para mí y jamás me cansaré de 
agradecértelas y reconocértelas. 
 
Porque hay gente sin la cual no podría seguir adelante ni ser yo. 
A todo aquel con quien a lo largo de este tiempo haya compartido una sola sonrisa o buen 
momento, con quien superase y llorase los no tan buenos, de quien haya aprendido lo más 
mínimo, a cualquiera que me inspire y por quien sienta admiración y cariño. GRACIAS por 
estar ahí y acompañarme en el camino, por alegrar mis días, por robar un trozo de mi 
corazón, por tener la paciencia suficiente de permitir que me abriese a ti siguiendo mis 
ritmos, pero sobre todo… por ser un ejemplo para mí. Te admiro, te respeto y te quiero.  
 
Porque hay gente sin la cual no hubiese crecido y aprendido tanto de mí misma 
A todo aquel que me haya robado un mal pensamiento, que consiguiese hacerme dudar de 
mí o de mi capacidad, a quien generase en mí la sensación de “eso no es a lo que yo aspiro 
en esta vida”... GRACIAS por hacerme fuerte, por ayudarme a retroceder el paso necesario 
para tomar impulso, por mostrarme el camino equivocado y por hacerme sentir orgullosa 
de quien soy.  Tú has sido el motor de mi superación. 
 
GRACIAS A TODOS POR HABER ESTADO AHÍ!!!!! 
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